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.(H*J| ^1 ol j*-Jl ^j^, (J^^ 

Odes n XX, by Horace, translated by Samuel Johnson in 1 726 . : ^ 
St. Martin's Press, New York, 1971. 

rte Pfl/ww of Wilbur and OrvUle Wright, vol. 1 . : 
McGraw-Hill Book Co., New York, 1953. 

(S jSlWI JL. jJLj t^l ^ ^L>c:j OIj^I ^Itti.^ jLi» J\ ...» 

«Airplane Stability and Control from a Designer's Point of View.» : ^ 

Otto C. Koppen, Journal of Aerospace Science and Technologies (February 
1940). 



25 ^ 

27 i-JUU 

33 ,,^1 J jl ^ 5 ^1 : Jj'il J^l 

33 JjVloL^>lj4iL^I5ijl^'yi 1-1 

35 ilSLl.. 2 _ 1 

37 c:ulj^^Sfli c3UJJI3-l 

37 Ja*-^l 

39 oL-*>jJlj toti^^lj t^l5ll5_l 

40 c-ilj^^6-l 

41 oL-» jiji-ii J v^jijiJL; oliLi 7-1 

42 ' jjSfiaui 

45 ^Ull oUJls 9_ 1 

48 ^7,...,r,7iM ^LJj dL^Jby 10-1 

49 i^>l oVjLm j Oy^i JJjU H - 1 

}S^\j iJai-^l ^1^^ 12 _1 

51 ijiLJ^I 4JaSjij tj^bjijji)!! 
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53 ^1 J^^JIa* : ^U31 J-^fliJl 

53 ^^^s>^\j j\J>lS^\ y^jAl.l 

55 ^-J^l J jl <j-ijJi^ 2 _ 2 

57 j^SUiJl J jl JtJ^\ jlaLw 3 _ 2 

60 ^^,>^\ J j\ JelJ^\ ot jty jCj\jJaaA.1 

65 Uip^i.*.--^! jl^lSi^ : ^UllJ^l 

65 jjJl J oyjj^ t 1-3 

70 JjSfl ol ^1 ol^vli^ 2.3 

70 .... jJt ^ dj^jIJujlij aJj^ J1j[a3 -4 

76 vl»j <il 4 _ 3 

80 LJllaj^ ^ fj"**^ *Jj***dJ^ {j'^^ 5-3 

6jL>d.l oLV jJl ^ ii^ySL**)! 0L.JL3UI 6-3 

83 NACAjLijl^ 

86 vJdl S JjLi-( oLik^i 7-3 

86 UUj| 0( ^1 ^_ya5U^ Oli^fl ^8-3 

87 jLWl ty^' ^ - ^ 

89 SiUii Sjjiil 10-3 

91 ^^ba^fl J^Ll>. 11-3 

92 Ujji c-oJ; jl 12-3 

93 Vi-^-J^ jl 0^ oi^^iyi 13-3 

94 jl ^^fl SjJti- oly'iy I J.St,,.. 14 _ 3 

99 .... t5ij-jJljIji*^li.j-4ilj^!)^)fliJb^l5-3 

103 o\ij^ O^V^ 16-3 

105 .. oUk:«j4j^^$LaJl^L4il 17-3 

107 JbVl >Ul8-3 

10 



109 jpSjjoaic^ij-sfe: gi^ij^i 

no ji^vi^^i5^ioijjjL"i_4 

111 j\j^S\/jL^\ J ^jy>2-A. 

113 ^lyJV(^^Lil^jJl^jj<^3_4 

113 iJ^I V^*vliIiaUi(^>loliil3 4_4 

115 iJj^l iiJsI-l 4SiJJ-l oly^iy I 5 _ 4 

118 (a^jJ.\) ^\3j\ j[Jcj\Ji:i6-4 

^ ^^fl ^ S y:.Ut ^U^l 7 - 4 

122 mjjIJ JLip jl) 

123 

124 ^LJIJ>iAA^4jJjLJlS^ll_8_4 

Jijdl tiLpj^l jLjJ «Jt yJl 2 _ 8 _ 4 

125 J^l-^t 

ol ^L^ ^\ j5Jb" ol^'L" 9.4 

126 uyi^* ^1 J 

127 ^jUftJl ol^^Lj ^1 1-9-4 

129 p^l^^ySjbJ: ^UUIJ^I 

129 hjs>J.\^^\i^cjljL^l-5 

130 

133 vj^l ijSL.liui jl jil 3 - 5 

135 vL-Sfl iiU^I olijl J- jl ^j^\4-5 

138 5:?- jfl-JLli «Jil olij 5-5 

141 ^jJl J-^liJ 6-5 

11 



142 ^U3I ii^l oUj^- jl0Jljil7_5 

143 .. ^jJuii\^J^\^\^jAj^\4^^^ 

146 5JLS3l^»^l4jiil9-5 

148 .... (irja-JLil«i^l^)ir^j4*Ji^ ^1531 10-5 

149 ^lS3|JL;<lLiLiijyJl_10-5 

149 ... ^ISaJ S^tfT,., ;]UJi ^li,jj^J2 - 10-5 

150 ^LS3l JJuiJt5j5 3_10_5 

ij^njl^l Ai>- ^ jJl 43i olijJaj 4 _ 10 _ 5 

150 (ir y-^ ^Jii=i*-uJI ^LS3l) 

153 Li5^b4JjljdloUS:>ai 11-5 

^^^O^Lj ^.Jliilj v^Uail d\j^\ 12 _ 5 
156 Ja*-i^l -lajjj 

158 oL>«^ 13-5 

161 ... 4JL1LJI ^^IjJlj jL^AjlJl Ja«^ 

164 ^>-Jl J-l^dL^^»5:>^liJiJll5-5 

164 J^[i;l6-5 

166 jjidlj^jjJL^Jlj^S:,.^! 17-5 

167 5JjSfl t/JjjJLtiJl J^LLi 18-5 

168 4iijr^l5jJL5JL^,^:>.dHJi;Il9-5 

171 ^^*i.flj|^liJi;l20_5 

172 j^SaJl J^yL0ljiWl21-5 

I^SCx::!! ija^l ^ Aj^^^^*^ 22-5 

178 S jJliJli ojjidl 

Jv» jJli U.;! OUSfl liUi 23-5 

179 .'. ^/LJI 

12 



181 i/JUl 

184 ... J^\j^l^\J^j^l^^\Ajai]25.5 

185 |^^>J J : j^A^ J^' 

186 oUakm ^ J is^La 1 _ 6 

186 iJ^lDjiSjSLyi^jl^l_l_6 

188 aJISCJ^j 4*:>.9- fc(^Jlil^j42-l-6 

189 ^^^l 5ji*>-:dl 2 _ 6 

189 JjVljSl>]|l_2_6 

190 ^iilj^Lj^Jl JS|>2_2_6 

190 |.L^Vl3_2_6 

191 ^LL^Ijp-«^t Ji-|jb-4_2_6 

193 .. ^^\>J\^\J^'^\J^JjLJ\^\y:^^\5-2-6 

-jL>r..A'. Ji^jSfl JJl>6-2_6 

194 oU^ljJlol^ 

194 ^^L-»JI ^1^1 dLibja 7-2-6 

195 X^iljJLil^SLJi J>1_7_2_6 

197 lJu\yiJ\h^j\l\Jj^2-7-2-6 

198 J^' oLia-u. ^ ol jjJLidl 3-6 

201 ^^ii ^ aiuii c»ijsikji : gUi j^i 

202 ojr^l JsL-yi c-^^- 

ol jSlUl iijJLJl SiUJl Jl 2 _ 7 

202 F4D,A4D,A3D 

13 



203 SjJlSJL JjJU|^»5G^I3_7 

204 Jj^)fl^ Jbjjdl jlyi^^fl JbJ jj 4 _ 7 

209 XFIOF jl jS'U- oUjy^ SjSiyi 5-7 

210 B-52 lJi\L^\ oL^" ^ 6-7 

fiU^I ojLj ^Sl>^\ L^^L^ aj^ jJL>Ejt 1-6-7 

211 B-52 

B-52 ij>- oLiJLi (^jJl JI ^,-SC^( 3-6-7 

213 \jJu^dj^^ 

217 4^lkJlJajl^cjU:^l : j-UMJ^I 

217 liLi iL-i . J^l .jJjj 1 _ 8 

218 ^JlluJl Jailj:^! Jjfl- 

222 JjSfloljjWlvlr|Jb^l3-8 

226 1956^lpc-ilj Ji^ ^>-4_8 

228 ol J olW..-;7 5-8 

232 F4D "4-^?^ ^ - ^ 

234 3 ol 7-8 

^iJL^^fl J.St,.,. j JLk*il iijl^l 8 _ 8 

234 ^Uil 

237 *s^:>Ul aj/j ^ir^\ : ^UJl J^l 

237 1916 |.Lp JJ Jj>L| jL^Vl 1 - 9 

238 Jj^J-ljL^'yi^^ijSl^l Jli:Sf( J>-2_9 

242 ij*.^^! ^^^\ 3-9 

243 jL^VlU-U^»-*vi;4-9 

14 



247 jLf ^fl SiLiJl oLii- jiiu" 5 - 9 

248 LlijL4JNl^!sUll_5_9 

249 jL^^fl ^JljjJl oUiAil jjj 6 _ 9 

250 jL^*yi i^^j Sjl J-J^' ^^3' jil 7 - 9 

253 ^ J 'cj\ jJlJI 01:31 jAl 8 - 9 

255 jL^'yiol^^ J-Ijp^.Jl£ J>9_9 

256 O^^^j:*^ /oL- J > Jli>. 10 _ 9 

259 ^lil^^^U^ll_9 

t jL^^ifL J ^jJI ^ ^LJ:-! ^..,/i7 o(^'b 12 _ 9 
262 ^!>1^1j 

265 jd^l^ 2 ^ 13-9 

JjjJU-l jL^Ml jL^I 14 _ 9 

265 jiil^L 

266 SjaUll o jL« 15-9 

272 ... jli ^jbj jJLiI ol 16-9 

275 «^JLl3l 17 . 9 

277 iiiJiJ-l ^ «oljiLiil» 18-9 

283 AJi2^\ S ^UaJI ajljjL. : y^WI J^l 

283 . . ?5^^Jiir ol aL-U1I otjSiy I Jp hi 1 _ 10 

286 yr-yr ^L>JLil ot>l:Ull 2 _ 10 

jIm.:!! oIjjL^JI j obLiJI 3 _ 10 

287 tl^l 

288 iilSCJt4^Vl J>1_3_10 

290 . 4:»15UJI ju^Vi JlS.>;T,..>li^UJt2-3-10 

295 ^jil Jlk S. r.T.H > 11 ^UJi 3-3-10 

15 



298 . . SjU-I oUIjjjJI Jl 4juj^\ obr ^jJl 4 _ 10 

299 UUJI ^j*.^]! L,Ij3 t5JUJI 5 - 10 

302 ' iSSiai Vijjliil 

dlj^ iJli ^ij*: 1 _ 6 _ 10 

303 

305 V^'*J^*7-10 

306 4Ssm*J\jj\:i\J^\A^^^^\%^10 

307 yslill Vljjldl ^ ^1 jJL^ oUi;:^ 9.10 

308 .... Db/-.VIj4JLUI^_^>jJjyi^^^l 10-10 

308 V^*^^*^ 11-10 

309 ^J,\^^j : >ip 

309 ^JaJl ji^l 1_11 

311 ^L^MUU^ ^ JjVl jrLlll2_ll 

J-i^ ^ P-47 S^*Lkj| ^^Ui^l oljLii-l 3-11 
315 iiojj jL^I 

P-j P-51 j^JyLkJl ^ ^^UaiJ^yi oL^Jw> 4_ 11 

319 ' 39 

AP i jJLj»- j^)fl ol jLi^Vl 5-11 

320 ^j*^^ 

321 OJLUj^ljdl^bi-lgljd^ie-ll 

oLp^I 4»^Sfl 7_ 11 

325 itjkJl 

326 ^IM^ V^Vl«UJlolJbuil-7-ll 

JLp iJ^,^>«Jl jJL*J >>.|^ 2 _ 7 _ 11 
328 ^L^l 

16 



JLSUJI b . „A II ojlj-- ol^ . .;t ;Lii-^ 8-11 
331 

334 o^-p^l ajjb- JLJiO jL-iII 9- 11 

339 A^jii\s^\^^\ijjj;t^mio.n 

341 ^ J\ jj>^.\ Jj- ^ IjJ jt^M 11.11 

342 iJLJI obliLjMl ^ ^Ijt^Vt 12. 11 

343 d\j^\ ^ ^j^\kj^jii^\ 13- 11 

ip^l ol^^Lkj p^UiJlj j( 14_ 11 

349 42SliJl 

351 cj\ J^ltA : yiP^UjlJ^l 

352 ... oijSli» a.U- ii^Jj ^jlJL^I ^jUiIt 1 _ 12 

354 J jdV J Cf"^^ ^bLr^t 2 _ 12 

357 oL-ljjJl 3-12 

363 ^Jlj^[S\^S^\^-12 

366 MSA ilp > SjSiy I 5 _ 12 

369 S-3A JL^SjJ S jSiyi 6_ 12 

369 A^\£^cj\^'^7-12 

371 it>UI 

371 iyiUiJl ol^jA 1 _ 13 

373 .... Ajju^\jhJb:J\\Ju:.Ak^ 

MTT 0 ^LJ» J jJ> 0 ^Llail 3.13 

376 iyiJloiyL 

• ^LUI ^ Jjl^jVI /jJL^I Aijlj jl 4-13 

377 

17 



iSiy b J**? ^\ W Ui^l ol jSUaJI 01 jjJ 5.13 
378 iyJl 

381 V^^^^6-13 

383 yslj J^l ^Ij^Vl (Aji^l : >^ ^Ij^l J^l 

383 Lpii,-^ "^^i J^^j^^ ^ki*^ 1-14 

390 Jj**j|^I^Vl2_14 

395 ^^jVl 3 _ 14 

jp ^jjji ^ ^i^vi ji^vi 4. 14 

398 gyJdl 

401 iil^l JSlJi jIVl-JJJI5_14 

405 ^^\^o!^6.U 

406 i^l^J^lpjIlj.l^^fliii JiS7_14 

jLii^l 01^ ^Ui^ J* 8-14 

411 ol^l 

412 ^yui^JLdi JjVlo\jU^(l-8-14 

412 ^l:UJly^Jb-2_8_14 

413 ;i*iJbJl^y»;ji^l J>3_8_14 

^L-JVI ik,jl J Um-^I ^ji3l 4 _ 8 _ 14 

418 jtf:.-%lt 

419 4*il^l^L^Sfl^^jjl^l9-14 

421 auVl iyA-^AW Cj\ yUaJI : >lP ^U-l J^l 

421 4i.Sfl5jSlUj^.l4J>>i-ili-l_15 

424 A^L^ Jbu J^l^l 2-15 

424 JjVl i-Sfl V-^ii^l SjSiyi 

j^L* NASA J NACA oljLi5-l *JLJL- 4.15 
427 1966j 1948 

18 



430 ijyillill V jjU-l hj ^1^1 J SaUll ciJLi 5-15 

432 i>^SflolS»>.6_15 

433 (oLJLlil) ^ ^1 JsL- J jjJ 7 - 15 

436 j»5!>Ul ^ j\ jAiJS\ ZJu\y 8 _ 15 

437 4jjLip*yi ^ ^^bjjy^Vl oLJyJt 9- 15 

jl j-LLu-^fl ^ ,^Sfl ol^^l ol.lW?. 10- 15 

437 

438 i,_^lAP^IjSjS3l tS^)fn_10_15 

VjybL^j'^l j^lj t^3w;./iit j3Vt2-10-15 

439 ' jVljLkilj 

440 .. jLk IFR ^p\ d\ oLUp .^bl 11 _ 15 
442 L^^^a^ cj\ 

445 tjJc^\U:f\j^\h^^\^ 

445 . JUdVljir^jJI-ii«rljdlS>.:L»^Vl Jsljl^ 

446 ia5ioljjJiili ^l>r-JjVlJ>-l2_16 

447 TFX-111 jl cF-lll iljlw! 5 J\^\ 3 _ 16 

449 F-14 olSCij;SjSiyi4_16 

450 B-1 Jij^jjSjSiyi5_16 

451 ^ ^1 jl Jslll ^Li-I 6- 16 

457 S ^1 ^1 As^H^ C 

459 aSiOJ.ljliSai^LjS'^ : yiPgUJIJ^I 

459 iSjjJ-l jliS^I SjSli» J otjj 1 - 17 

460 c/J^ ^ 2 . 17 
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ol ^LkJl ^ j,-^:^! J jl 3 - 17 
461 " 

oLp^I ol ^Li» ^1 ^1 ^LJL-I 4j ^ 4 _ 17 

463 i^di^Jkl 4J 0 

464 .o^l jW^'^*^j^^*^y-'*5_17 

466 j\:^fjj^]^jsfi6-17 

467 <j»»ljJl 4:^j>l J^LL. 7 _ 17 

467 ^LjiSjSlUj4^UH4JU.|8-17 

468 ^SiJJ-l A^is^\ ol jSlW I 9-17 

469 aS'>1 C^'^aU* jjkf : ytP J^l 

469 OjiLiUj jIjil-18 

474 iJaiUl Jl J^jj|2_18 

477 jSai 4|iJbJl J^iJl 3 _ 18 

479 J^^l^AjJ^;^\ii\^^\jii^^J^4.n 

482 4j:rjfl-jJlol5ilIl5-18 

483 jl^VlijJb^6-18 

jjmij ijl^ 2 7 t^, ,., fij t^.pi7_18 

484 V^^' 

^1 iiL^^'tfl 8 _ 18 

489 jjjJr\ 

490 Sy'lUl ;ik,jl 9_ 18 

493 :ikjSfl Jl4>^l*-u^ll_9_18 

494 ^yjil (^liui) 4^ JjU 10- 18 

lo^A-^lj ^t^Liiil t^LiL-lJl 11-18 
497 ' olj^lJlSltlj 

499 fsA-\ sJ'^\ ^oU: 12-18 
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504 aUlJl5LiSfljJ-l5iJlt3> 13.18 

507 14.18 

509 . t5jlJd( <^ d\ ^ o^fibu. 15 - 18 

flL^J!)U ojljJl 1 . 15 _ 18 

511 ijS|J::i'^li*jOlj 

511 t#J*JJ^* V^oi^loLjTl6-18 

512 ;i^>loViUii^l^lvL>^yiJl^Sfl 17-18 

515 aj^ls^UJl: ^^UJlJ^l 

516 j\jkiJ^\j*^jJ.\l-\9 

517 ^IJ:-! Ja jlpL- 2 _ 19 

518 ...^lii-l JaJipLJi^JL^I^^^ 

520 ^IdUl J::* JlpL; ^1:+! j-^^^ 

521 <-»j5:iJLlif^JLJl«aoL^5.19 

523 4^ 4^ ^Jb Oljs^l <--' jL^ 6.19 

524 A>- ^JJ( 

528 . . ^j5LJl J>j| jl ^^fl cj\jh 8-19 

530 j\ J Ojl jil iij Jjbf 9-19 

531 Ojil ^l::>-i3 4ijliJI oljjJb 10. 19 

-lJjJ^Ij^^^I c5> jl jj.^T-.U ^Li*Jl 11_19 
533 iJjSL-*uJtJl 

535 bjjAh^>^\ jl^Vl olSiJL. 12 _ 19 

536 4k.->dljUSL^IjjU»iiai^ 13.19 

537 j^«jjyii>*Jl JJij£l4.19 

538 c^JUflii o^y^lw 15 . 19 
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540 iijll iW^Sfl ^ Uji\ ^S:>^\ ^UiJ 16- 19 

541 i>.jJb oljSiy 1 ^iUJ 17 - 19 

542 iJliJl iir>JLj| ^4:^1 oljSlkJl goU; 18 - 19 

542 LA\^^\^'%il9-19 

543 Jbl^iJl jl ^'^l : Jj>Ujl J^l 

543 JbJjiiJl jl 1 _ 20 

545 ^^iiJ( ^ JV( jLyi2_20 

545 iJiiVi |» j^i.. 3-20 

546 JjUili ^jii^l 4_20 

548 Jbjjdl JjSflw-»jM5-20 

548 .... B-47 ^.ji S^^LUi ^^t^*^! -Ui- 1 _5_20 

.-^j^jjJSjSUiij^l^'^l JuJ^ 2 _ 5 _ 20 

551 YB-49 

S^'Uaii j^L>Jl J'^j:'^ I jl Jb>. 3 - 5 - 20 

553 F-89 ^jjjy 

553 JjUd^jjii-l^j: J>6-20 

555 Jij>«iJl ^ly Ja-u 7_20 

556 tJaiJl i-SbJ Jij^l ^ly 8 _ 20 

557 SJbljdl ^1 jSfl iJiJl 9 _ 20 

558 (^ift^^l) 4^ ^jJl 1-9-20 

^ ol jSlklj Jbljdl J JL,lj:dl jsLi j\ jAiJ^\ 10 _ 20 

560 ojiiJi,\ 

563 ^JiJLi SiLiiJl SjSiyi 11-20 

565 Jbljilil ^1 jl JiJS\ 6y/> J 12 - 20 

566 '^J\ UiiSfl ^ UmJI J^mi 13 - 20 
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567 5J^I UliVlj ^jll JLk 14_20 

568 iJa^l OK^^I v-'jUJl ^Ja^t 15-20 

570 ^^'^\ ^,^\ aiUJi oUJadl 16-20 

572 .... U^Sidl iJisSflj iSJlMl^H^UJa:! 17.20 

574 i^l^l JAJ- J tSJJUil j,^:^.:^! iJa]! 18 _ 20 

575 ila^l/il jU^I ^oUS:>^l 19-20 

575 ApUJiMjs^yj J^lSai^Jl JiJbJ20_20 

577 V^'^^^^l-lO 

579 ^ Jl^l Uyr ^ ^ ^ ^ Jjr^lj Lf*^> 

JJ ^ 4JjLd!l Ol jljlAtAJ oLjUll 1 _ 21 

580 jLkil 

583 ^ ^\ ols* J AjvajjAiII aJLcjJI 2 _ 21 

584 ( ^jj^ 3-21 

585 ^ jLyi4jj^4_21 

586 {J^\ Ji-Sfl ^,^:>^l) t^U-l 5-21 

j_|J «Utf ^^^sil oljljiA*^! J jj^l ^ j-^ 6-21 

587 jLyi 

589 Oj ijjLi. 7-21 

590 ,L^-^hj\jLA%.l\ 

591 jU«il^y>^L-^L*..9_21 

593 oljjJiil J ia>Jli V ^1 vJ^L^Iji 10-21 

594 iLjJ-l ^1 ol^jLiil 11-21 

595 12 _ 21 

597 (j^l)aaii^5^lMJy5L*^Aj^>l^ C)J>UJIj^UJI J^l 

598 j^^JalJlSjSiyi JSL*liUi3l-22 
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600 J$L4]I^J2^t^jljlliaSUlLU*2_22 

i^L-Sfl J i^DiSfl 3 - 22 

603 oli!j)Uij 

605 iij^»^UM0jJbo!>trlAl4_22 

607 ii^tjfSS\^\J\yi: Oj^UiljdJUJI J^l 

607 ^bJLl y ^1 J^^' 1 - 23 

608 4i^li>.i>-Sfl jJL-2_23 

608 ii*-U ^ ^1 ^bJl ^LiJjVl ajUcI^I 3 _ 23 

610 4J>jtoL^l:ujJi4-23 

611 Sji^l j^^jJl 5-23 

JjJaJI jl ^^iJL-^'^l oli S,,-^! ol ^LkJl 6 . 23 
611 

611 iJ>^'t3ySj5i3loljSiyi7_23 

612 Vld-ollb-%.8_23 

613 4i ^UJl ^^ill J^jJl : C)jjJim}\ J ^\ ji\ 

617 (V^l4AiJL)|,i:»dljjlyi:^*^ltj^j,^^ 

637 ih^'^\ii^l)^4^\jJjtJi\My.j 

655 (ajiyjiaiUL)vuVic*u^ij^i>i 

697 (kj^^ V-^'^l oU^I J ^1 >l 

735 ^y^Ja^l - 

761 ^ - ^yjgia^t oUiia^^ll LlJ 

785 
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JJLUJI mjljJLb 0 jLxiiLj 4 1 ... 1 ...11 oJL* j-U j^Lj t^^^iiiil j (^iUaii*^! 

dJp 4^ ^ ^alflUiij ^ jij^^ 

.(UjjPj cJjsS^lj tf^)flj tJUflj^yi jsL-j dUi Uj tjiiLJl 2^ 

tjljJij Jj^;^lj i Ij>tJ|^^I*rf| ^tt*^ o^^-!Lp (^^'Ajs"! ^UjLpI LfLP (Ji^jl 

4^jl2j J (4jj^j>J| <jl2i1Ij ((^liii) ^^IjjloJI oLiiiilj «oLsL«^j^^ij 

tOI^^JaJlj p-UaiJIj toLij-vflJij o*yUfl-jMlj oLJj^^i^^flj t oLo jJji-gJI 

aJuk .L^jU-j J^b ajUim oL(:^ ^ OjLjiiiL 4^jl2i]|j ^^^JLnli 
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.JLilo ^JLkj (^^i t^J^' "^J^ *tiy^^ 
l^jAJb- oLiaJI JS" *^ iULJl J*Lij 

LjU Jj^I Oj^. "^jt^h f.>J^ 

LU Lb^ vlJililj tLwU- Lb^ ^llJi tijiidl dU: ^ Ujyu. 

4^iSi]|j ^^aJLjJI oL>irlU./i<i U (^^^^ i-<'bS' ^j^a^^^^ (Lo^^ LliS' 
oLpl 0^ Ifui ^jti^ (Pj (Sy^ 

^ lL-^, UjJa: LL^ v^b^l 

•L5iy^' L**-;**^' c5j:^l Sildj 

4P sJLA jjJL^ aJLjCwif A^uLdlllj ^ J-^^-"-^ JiJ^^ 

(>*^ cs^J ^21'-^^'-' S^J^I Ji^*«^ 

^1 0^>' <J^J t^:./>./>-^ToH ^^^^^^ L^iUiJI 

.^^1 ^j:^ 4JJI JU^ dlUl 

-• 1431/3/20 ^LJI 

^jLll JLP JlUH 4l|JLa 
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4j:>-jj (OttoKoppen) yj] ili*-.Vt ^UmJI c-J^j tl^ ^,^^>«i]|j S^LiaJl 

^^t-^^ ♦^"^'i jt-^>^lj ji j-Si-^-^fl ^jj^ ^Uaj^I 
ol Ijl ^J^' fc-fl M.^ Jlai *^»J^JH </* ^JJ •* 

mJI^La ^UjlpI j^yjjJiJl Jjjej o^Li^ s^LJ (^l Olj 'Li^ LiLs-lj 

(National ljLtiJ>l\ i^jL^^yJl JJ 1943 ^Lp S^^ Jj^ 

dUi ^ Cnr*^ »J^-«-!J • NACA j] Advisory Committee for Aeronautics) 

^di,a>Jl IJL^ NACA Aj^^L„jtl\ ol jSUail oUdi^l jj» Ojiuj 
ijiUal5*yi oljLlP*yi Oils 4t5jliJl ^_^j^l ^y>^\ Ji] LoJLlP 

dj^l ^ a ^Uail <^JL1A 01 ^j^Li,A9> jW^i ^la«...>.ii JL9-t ^ 

(Artificial stability j' yfe*-**^! S3L3 i> ^Jaii OJ . JjEJI ^ ^ y 

4J ^^1 amj^\ *S jLa>.i] ^^^^ olJU>^) augmenters) 

(Mach trim ^Lo ym 3 Olij^fl j t i-.^ yJl **i^l ^5" ^^1 j 
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^^^^\ SdLJ ^jMj (J^IXSL S^Q? Jj^ ^j^^j (Compensator) 

,Ju^Jc^ 4j|Jb B-49 ^jjjjj S B-47 ^jJl S ^LL» ^ A^JaJl 

.Lfj p.^>el]|j a^Liajl jl^^iLu-l |JLpj ^ ^^joL i, ^^yt^j jJ^ t-^llS* 

S ^_yJLp J»Li>Jl ijlil Uajl jil ^ .j-^L^Jl L1j"jJ (J^J 

jJL.IjJ| JS-iUjl jJ.St.., ol jSUail SJLpL-oo Uajj ^ i ^,^^1 J 

oIjJLU »L1j (flj^ JLm_j a^^^g^ .LJL?^ 4_9-Ll^ ^j-^ ^IjJ i-S^^-^l |t-^^«-^lj 

jM^i^^J cO^y^LJlj tOjJ^;iili| OLS" ^Oj-haII <P j-w- ^ L5^J^' 

Ljj-^p Lp j-.^ jj8 cjLi^I (JLa ^ 4-JLJl1I ijtJait ♦.^^-^^i^" 'J^-Si 
jVl ocJiiL i-^UJl oLju>-I^I ^ JUJuJl ^1^1 oUi^tsL. 

J**JJ JjVl ;i*JaJl JUaJ 01^ ol*>-l^l (^iil JL:^^! ^^^1 

oliSJl t>i>J ;LJLij| otJJl cJa*l (>5J Jju^ lJu 



28 



^ '\}s^y> ^^*tU^ ^^'J^ 0^3?-^^ ot^}^^ Cr^ JbJbJIi .j_y-^LJLj |iUiA*bfl 
.(1947 j^l6^y) CjI^I c^^fl 

.(1970 ^^Ja^l/^T-jJjj/j^-) Jl^l 

.(1981 ,jJa-i*l /t^T - jJjj /j^) 
.(1984 jiL./jL.l) C)!^! 

.(1989 ^j-k-J^l 

J^i JLJWI J^I t^^?;. ji3l^ a!M3 - 1918 wlS^J^S 
.1990 tjiioy* 

.(1991 j-iji/oi - jdi-/Al) SdLaii 

.(1992 ^) 131^1 QuUI XiuyiVl I^n^l 
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^Progress in Dynamic Stability and Control Research,)) by William F. • 
MUliken, Jr., Journal cfthe Aeronautical Sciences (September 1947). 

«Development of Airplane Stability and Control Technology,)) by • 
Courtland D. Perkins, Joumd ofAircrttft (July-August 1970). 

«Eighty Years of Flight Control: Triumph sand Pitfalls of the • 
Systems Approach,)> by Duane T. McRuer and F. Dunstan Graham, 
Journal of Guidance and Control (July- August 1 981). 

«Twenty-Five Years of Handling Qualities Research,^ by Irving L. • 
Ashkenas, Journal of Aircraft (May 1984). 

«Flying Qualities from Early Airplanes to the Space Shuttle,)> by • 
William H. Phillips, Journal of Guidance, Control, and Dynamics (July- 
August 1989). 

^Establishment of Design Requirements: Flying Qualities • 
Specifications for American Aircraft, 1918-1943,)) by Walter C. 
Vincenti, Chap. 3 of mat Engineers Know and How They Know It, Johns 
Hopkins University Press, 1990. 

«Evolution of Airplane Stability and Control: A Designer's • 
Viewpoint,)) by Jan Roskam, Journal tf Guidance (May- June 1991). 

«Recollections of Langley in the Forties,^ by W. Hewitt Phillips, • 
Journal o/ the American Aviation Historical Society (Summer 1992). 



Ujj .La^jlj Sj^I SjlpL^Ij JbJjJ ^UJI cil^'Vl Olii>Jl 
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.»--»Ll53l Jj-v^i ;yi JbJbJLJ Jij,L .^atII <jbu>-l^^ 

. (NASA Langley Research Center) 

tr^-> '^'-J^-? '^-^! ^-r^ t/* Jj^-— 51 ti3^ |iUj 

LjJLii^l JLoIi . (Systems Technology Inc.) S^jJlT^i a^jJiJI ^ aS*^ SjIaJ 

A.i«^Jjg (JjLJI i-^i? 0 J ■« .!■'>■ 0 ^ <S y IS'jJl .i^LlSUl IJLa ^ 
J^U ((English Electric/British Aerospace) aJI^j^I ^UojUI/LJL^^ 
(DVL Institute of dLi-UjI^ ^ -tP -ti^ 

oljjjiaiit OLj cr^ c5^' SjlpL>^JLJ t Flight Research Braunschweig) 

^ • ^ ^LtA^JLj |«^LjjLhPjJi j'^^^ ^■-'^ .^*y^jjL^ij 
i*^^*^ J-.^ *JL^i Ot^>J» ^"iLJU (GALCTT) LJj^l^ 
iJUiil Ui^yi 5jb)fl i^UJl .^Ui3l (>p a*S|j 

Ojj IjjjJ o.K ...II c-ubJlS .jjJLJj^^^-uo Jj-la iiliA tNACA t^UiiJlj 

LJU- Sijj»-^ GALCIT A^^j-«L>t^ 01 jL^ipL S^^^u^I SjlpL^I (Louisa Toot) 

tOj^j-* <-JLiJl ^»JalJl ^ J>?".> J^^-,a>JLj Ufljt i-^yill 

ij^ U^Xoj ^^\.^^.^\ SjlaJ ,j--Sj j^tt^ Jjjj jjuj *jLo 01 ^*A-J' 
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J^Jiil (LajLui ^j^JLcJi (ji*^,JJJ^\ J; <l 11 <iU^| 

t^^lS^ .sjLIijj t^^^«i*j^Lj toljj j^^jj tcjLijLj ^^^-i-«-*3j- 1 0 Lj 

tjU-^ t^jL* ^t^yii-A ^jj t^il-* ot^^jti^ o'^^^ ^J^-J ^fJ>^J^ 

jj-Jlj^ tOj j ^ Ij - jjj i<A^jJt ^-^J^ ^i^^^yjj ^Jj^^ 

.jLILmjI^^ (^/^^ ( ^^^^^ ^ ^^it^^i^^ 
^jl2i]| 01 .Lf! |i^»miJlj syyail ^JkLuiS ^^j^ytl Jii.;7<«ii A^ljjJl ^ 
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Early Developments In Stability and Control 

pLj ^ jiiU.*:* Ijjjjlj SJxlJI oLM t) 0 OlS" Uij 
J*-SjI ^ v-L-VI OI^I xt^" J;57,.,JI ^JLiJI 

Ip^JLj Ljj J a ^UaJl jl ^^ilu-V ^^^^^elJl jJj^l JiUj 

a yLflJl ^ J jSfl i--oJLjJl i-^ p-L^JJl <jLjJ J C^lj ^^Sfl oljiLjB ^ 

Inherent Stability and JjVl C^L-S^jil^ LijIjJLL^*^! 1-1 

Early Madiines 

^ jl ^^iLu-Nl ^.^i/g" oli»-j3 (j.^*J I ^^aJL::S^I .S ^UaJl iiji ^^iLw-t ^^^^1 

^_y5Lij ^Lij>- j! (, (Eayley and Penaud) *-iJUJl ^ t-JJLU • ^j^j 
t(Langlcy andLanchester) i-j-JLyJI ..■ < I \ l-^Liji ^^jjj jl **jjI>II 

.(Lilienthal) jaJl jS'yi ^jjj 

Li^^ JLii^lj ((Langley, [etal.]) ^JUSflj ai^^^\ aUJ*yi oUa j^jJj ^litLurfL 

jjb La jLkil ^1 lAjLiUD S ylkJl JaiUmJ 
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o^UaJl jL-u* t(mdder) oL>tj^[l iii jLlall IaJLIp .^^UJi J-«jJ1 

e,3LaJ a^ULo A^Jkii 

jjjd (banked) J^* j! S^^QJl (1) : iaii cujIj 01 ^Vl iij^I JuiJ 
(roll) £_^JLiil jl O^^LJl ^jjj J^t-^ ^j>-j (2) -t^^^ (5ji^J< 

JSLIj ^L-Lw.*:*- S ^UJl ^ ..yfli^^ (sideslip) <^l^' (3*^^^*^! ^ y„ ^ ' J^^* 
ijij t (stall) ^^^^^ c5>&^ (4) ^ Ja^ ^1 ^^ja^*y 

c (Levavasseur) jj^liUJj (Ble'riot) Ojj^^ jLS' tc-^lj ^jj^-Vl Jbu 

W .X ^ (tractor mono plane) j j-«JI L^oLbI ^^^^^^ S-^^ j S ^LlaJl 

iJLi (JUjIj S ^UaJ La J^Uj Ujj (inherent Stability) ^j^o^Jl jl ^a-i^'yi 
i_JJiil s^LajJ jlpL- 'Uaji j^^Jlp! LgJ oli'j .^IjjjJI 



XI o^jJL 0 jSU? t J-,tfIi/» j^j jl cMj^ C)^Jii\ J 1-1 J^JSJI 
.( Ji-Vl ^) IV vi^l^il j^UUJ sya,j ( Jp*ifl ^) t^>U:)fl JUiJI It: ^ ^1 
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The Problem of Control alSCJLo 2 - 1 

t(OttoLilienthal, 1848-1896) JLdLJLJ yij] ^ ^jS ^] JJLI 
j^^JLjuV cJjH^r^H lMj^^ J^'J'-Jb c (Hiram Maxim, 1840-1916) j,-;--^ 
Jjti LoUj t^^^yjjijJI Jjjiail - (Samuel PicrpontLangley, 18341906) 
jlp- I jJLtJ ^♦.5^>ti]| iiL*^ ^^jlSj Pj-u- ij |H-*^ oij^^' 

LfiSCJ t4j ^S^^ jJi' ^ jJai^ J^^. 1.00:0^5 ^jmLJLu 

SiLLjl S^Ufi> Ujj .Jjol^l Lj3^l J^U- C.oW^J 

^Jc^ t (Bernard Maggin) jL;^ JLSi ^^jl^J) Olj-jWl 

tji^o^lj jI^^SLu-NI fjjj .^UoiUl tjifl^j <j*^J^' ^'ji^' ^L,a3 

iajj-i Jjiiij a y j-qJ t (W. Hewitt Phillips) cy*'^ 
.^--iLo S jSLi» i j^L ^ (Rubber powered) 

JUJI yi US' ( ^iil -d^j ^•JLp '^.^"^ ^ 

Jit ji^" J J^*^ (>* LtJiip *^ <-»»"i<>i ^iJl ^ ^ 

yj^jiij C}\^ . . .^«s« ^> jl^^l Jitll ^5"^ i-ilrf. 

ajfS a^l dLUt ^ i,^}J^s ^iJUi ajLa»ji «uJ ^ijliu 

.4»-UmJ ULj j (aiifoil) 1 jUu ^Ji^\ ^^Sa ^1 
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SJL^Ij OdjJ C^ll^l 4^1^ Ol C^J^ ^^J^^ \^^yn<h UIpJ 

^Lat J^-t ^ (wrapable) *,JcLt jt i->^^Wji^ 

t^i^^l c-JJlil o*-^- •^^^ 'C? J''^^ ^ 

.^1 yuNi - i:>- ^jJl j^y^-wuj Lo jl ^,-^o*lj( Jj*^ <>■ 

^^liii .<^L: ^^j^^ iAjH Si oi^ 1902 

.^1 ^'yi _ ^JJI ^LjJl 

^L-SfL ij^^ oli 5^li» 1903 ^ cluJj Ol^Sfl j^^ 

dLJ^ Jb^ j^j^i ^ 4j ^IS f^Si\ i**jJL»Jl JJL»i^l 01 . 1903 ^l* 
D1 j>1j 1985 |iLp (Henry R.Jex) ,^-.^1^ ti^J (Fred E. C. Culick) 
A-i Ol^j te^^jt^ ^J'^ jJai^ j^s- 1903 /iLp ^ attj-^^' 

^1 j\ c^Jj 01 ^ mSj 1904 j^Lp J j . 1902 ^Lp J 
\j jSu lij ^byJU j^^l ;UI jI 1903 U*-/iJI 5 jJlkU 

j^^SLjISLJI iijl^l oJb*j ^ [iLs^j tayUaJl 4>oJLiJ Oljjl 

jm\ ^ a 49- 4S'j>o JlP J^LlJl 

2 ^U....lt ^Jj ^1 ^ ^ jLJail tjLpL,A3 cJ ^1 dli^ JUJ> 

t^jL^j ^liiJVl Ol^^l 'AiP J^^J t (wing Stall) ^l^i ^l>f*^ Jj*^^ 

JLS els' p-j^y-lil IJLa jLSJJ ^ . J^^l P-ia^ Z yUaJi JljjL) 4.*l>tj ^ 

jjLo /jL! 22 ^plljj .a jS7...«i| jjlP U^I jSUaj JjSjJI 01 jjistJi aijL-l U«*^t 

^.JU^iil 5^^Jft-«Jl :LuL5 S^l^ c^Jj Ol^^l jJi-l 1905 

Ol^Sfl ^ Umj^pI^j U-jjIjUjLj ifliil JU ULjj 
. 1907 f Ip LJy SJb-l 
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Catching Up to the Wright Brothers cJi j CjiJ^^. JUJDI 3-1 



^ 1910 |ilp ^ .S>-JI U^1jl:>Jli JU^'iU OljilaJl ^Xl^ JIL 
jj--LiLLJj t(Ble'riot) ^^ri-'^J ^(Ciirtiss) ol^UaJI j ^ « ./i <j 

_c-Jj-L-^!j t(Bechcreau) . . ij t(Farman) OL^jLij t (Lcvavasseur) 
.^^^-w^Ij gj— •! olyli? ^ ;o ./iTi P'IjllH Ojj-?"Tj c (Esnault- Pelterie) (^^^-jlLj 
Lq^IjUJI JLfcj ^jL>- tJjUi ^ 'J-^^ Vj^^ V^W 

The Invention of Flap-Type Control Surfaces and Tabs 

j^yiUJl 9-y>S\ ^ t (flap-type) c-j'>U3I ^ ^ J^^^ 

^ Jj ' oL^I ^ C-*^ tJj^J^ 

.J >3I ^lij ^^Vl jl ^iLfJl ^ J-IS" dL^- 

^ll>Ji ^^-ia--' Spoiler ^^^1 ^^^r^' yUaJl Uaj! 

^jL^ (^tjI:>Jl) j-sAIP C^Jb>Ej C^^L>til ^,-^>elU ^iai.»^ ^^^.k-ukSjJl 

toLplJiil ojLa Ijljij .p-j^Jl I^Ia ^ JJLfli] ^^^^^ (i^l^' ^tL-Jl 

(Glen ^jjS ^ JtSl^l 01^1 jj^ai^ V ci-j^l '1908 01^ 
JLnj (June Bug Aiiplane) S^JL?-* <J^LiaJ JjVl jlj^LIL Curtiss) 

01^ (^Hl ^^;--Jj^ <^-H^' ^i-SLs^iil 01 v>i>^^ ^LljjJl 

37 



j>^\ ^ tjJJl\ 4I t^^blll qIjljJI ^^>^ L^jU JSLIj iiU. 
^ (lateral trim) 6jlj-*Jl . » ./i* J^-^ lT^JJ^ -^L^ 

.(rudder) oL>»;Vi iij ^ JJU^jJI iajj e liJJj Jli>»j ti--^ yJl ^pJl 

Ji\ 4-jiJL>Jl iaLsJl ^^^T aileron <>■ ^jJi 



. Querrudern yJl iijJl 

j_^Jlp Lj-Lj-Lp- (aileron) 4j>- J j j $ ^ jLS" ^j-t^*-^ 

i y>- J LLft J . (Farman) jLo jLi jl ^ Q^^-^* ° ^Lkll 

JSLiJi) ij^UJl oJuh (H^pmann Glauert) ajjjIp (j^j^* ti'j^ 1927 

jjJ^ ^Ig.*i SjLp jJfc ( la. ./^ll ^^l' j*-^>tlJ! ^la.^ j], .(2-1 



(Hermn) 4^jJL» jLo^^ 2-1 J<,.f..ll 
SyLj ^ fJLj Glauert 1892-1934 

lj|jJaJ J ( ^^'''^^^ ^ ^^^^^ jl J. b *j 

Obit, Notices of Fellows of the 
. (Royal Soc, 1932- 1935 
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(Anton yiJ* 0 ji:^^ ^j::^mJI fj\ (tab) p*./i7 

►j^lj ol^'yi oUa <jLJaj Jj^l Ol^ t^Jlil tFlettner) 

Sf-l^ LjU! ^ 1922 ^y ^Jli-»l 

Lj-j-u-iju ^ j^il t(j_^UJl J-^l ^1) (spring tab device) 

^ y (W. G. Perrin) JJ ^ 1928 • J^^^ -J^^J^ 

iJU- J-*-ls3 i-^^U3l _ ^ oLh^jI^I C?^^ "^J^^* J^l t^^^^ 

.Jsm^I ^^^^ 

Handles, Wheels and Pedals oUpJL))^ ciJIj^^mJ)^ c^Uil 5 - 1 

A-ij>-jJ <-«-fj8 (pedals) oL-^jJlj t (wheels) o^U^jJl t (handles) ^j/fluLS-gJI 
ol jjLi> olJbjMj w^;i«JI fljLip (Cayley) ^JL^ ajJ Jii (2 ^Lkll oL^^I 

J ojLi» (Langlcy) t^*^ -iJ^ <>• Jl 

La 4i ^ c-JUalo J^-i 4J c-JJLj (Manley) ^^IjL^ S y LkJl 13 ^^j**^ 

Ol tJLiJV JLdi .(roll) 4j^^jJIj ^♦i;[j>ciU Liitj t (pitch) j,^;!s>»iii 

^ |«-^^>i^ 4JJj (Lilienthal) JbLjLJLJ ^JLki^l jlaJ 

I yliaii gV^*^' "^'-^ '"^ jJb*^ yixi J**il iJLfi 0^ j];^ j^l J 

lij jjJU ^ ^U? J*j>o t^Ul JjiJI U jLi» 4^ ^ (Hangglider) iiJUJl 

.CajIj (.-Jd d J^J (j^^^ ^^^i^^ ^ a j SSL^ Cjl^ 

^t^-; <jjUilJI <j yLU (Hiram Maxim) ^ . ... <j» a jj JLaJ 

^jJl Ji..lfl7t SylkU adLDl ^ 4jjIJ ^»^la;?] ^j^LmJj^ 

.^1 ^ flkJl 
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Wright Control cJi j ^ 6-1 

LjJl^ ^ J (, 1902 4 ^ ^ ./» Ji a-^l yJl c^J J ^>j>^Vl S yLk ^ 

<^ •r*^ c'-^" J L5^- oLjWil ^i*- cj?^ 

jLkJl jl—Jl ^3 t)ljja JLilij J .tjaiJLUl (5 

Saljj 4^ ^1 ^ll^ crTjl^* ^Sfl (J ^1 ^ ajj\j ^UjI (jIp 
(rudder) oUjV! a33 J-v^ -(i c'^^'^ <^ ~>^^ Cr^d^' f 

jJLp jlJail jLJlj SylWl .^1 jU^J 

.^JiLJl 'AS^I ^l*Jl (yaw) ^ yJ^l JU> cJliiiJl das 

jL-Jl jji*Jl jlJL SJbJLyJl ilijJl JLi* lil .(rudder) «LyJ*rfl 

^^^SCaj ajJlJLoj ^ S jSLUl jjjJii^ ^1^1 iJiA .4^ ^jJl oiid 

Aj^Liil ^ ^ywaij ^^^1 01 ^i-e-j . 1909 JLjJLJl 

jji ^ubp jlp ^Uj)ii .oLjj*^ I «jb >.T ji *j ^ s^*-^ 

. 1911 J jyiVl *-Jij| dL^- J:>-1 y> j\ t^jl-^l ^Ja-Jl 
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ijljj (roll) ^,-j-a^i!>J ^ ^ jii-l U\ ji c^\j oij^'^^ ^ ^ 

(H-^ J c)j c) J • • JLoi .^^^^1X2^1 JajjJI ^IjlvilI^Lj (yaw) ^1 jjuMI 

^l^'lj t (ailerons) i5»-^3 oUjj Sj^jj^^o a-^I^ oI^Q? (Curtiss) 

J2:...< ^LlaJ (elevators) jiJL>Jl /jJL*J oLi^j (rudder) 

ijy ^JJI J £l Jaj| ^^i^l jLipI S.n;7,.. » t IJL* 

^ L*iL*»l ji'^u * j^J*^' ^L^l ^jj^jjt ^jm^jjS oLS'jji 

Ble'riot and De'perdussdn Controls jd^^d j jJii c:.fbLi 7-1 

4^L2]| kUajJId ^ oyu ^^t^t ^ (Louis Ble'riot) Ojj^ 

ol yUaJLJ (cockpit) SdLiil S ^ oL^J'yi iid ^iL^ <-->..^5ij (stick) 

Lfri^ . Ji^Vt Jl ^Li^l i.^ Jl 

dL^" iJb:*^ A^JLi jLia]| ^jJb .Jlu-V( ^1 ^Ll>Jl ^v^l 

^triLj-^ -^^J-^' (^k-u- J J./?flQ?a ^^^iil c,.^.^^ J^-^) 

ojUL jLkil ^ ^11^ dliJLi .o^J3l ^ ^jjj oL»jVI ^ cjaUJI 

J\ S ylWl jijjb- jLJl J\ .LyJ^fl Mia dL^- 4-1 ja JU> ^UVl Jl 

Ua* j^lj Sj! j3 o^^^JL jlsJ .(3 _ 1 J-5LiJI) jL*-Jl 

.^ll>Jl JjL^^j oIj A^yoJ jLkil »UaP^ Ujj (SaLaJI 

OVI ( aUjMI JjLi^p*i] AjJLpUil o^^^JL ^jlS c^**A ^ 
(Flexible Flyer) Oj-oJi ^LiaJl» jl jjJl ^^.2; LUJ 4 JLjlj Jj- ^^^ij 
{Sj^. Vi-^ ^J*^ jW^* f>*i ^^^^ t(sled steering) 4^ ^ 21.'^-r*H ^-^j^*^! 

J jSwj- jj-«J^ ^i^^ 0^ Oljj'Jk-Jl oli>tjL| 4jjJLj 4«,<a;i 

4JUa*j ^li J t t^^UJl Ujl*- cJlS" OjjjJL SjlpU (Igor Sikorsky) 
^Ji^\ >U 4iS3 .4^IjJlJI SdLij 4^.;.t LjJdLi Jji*J t4j| yLl» ii-^L-^l 
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J^SU ^ .S ^U2j ia--- j^J 3 _ 1 J^l 

Chatfield, Taylor, and : .^^V) cj\ jJ^y ^ fll/'^l ii^ ^---^ j Ua*J) dJL^ 
. (Ober, The Airplane and its Engine, McGraw-Hill, 1936 



Ol ^U. l^rJ^ ^j-i CU^I c^jS/l v^LJl ^1 J^^fjJl 

Lg-^^^s^ olijUa^l J aj^^5L*jJ| oI ^LkJl (SPAD) jL- jij^i 

cU^^^Jb c-jjJL-L ^LjL^J^fl tul^LkJl ftJufc cujj j (-t--^ c(Bechereau) jj^J^^ 

^i>^ (wheel) U>tjuj oUjVI ^LJbjJ 

.AliJbJl (yokes) jJl ^jLij 

jjSii auji y>i ^ j D:»jUaii oi^^it ji s _ i 

Stability and Control of World War I Pursuit Airplanes 

^LwJLJl ^>>Jl J!>U- ^Ij-^lj lla^iJl v::^" ;yj 1917 ^Lp J^^JUo 

iitiUS/l jl .(biplane) ^L>Jl LjLi ol ^LLJl ^ JJLl^ ^jr^J^I 

^j^Laj 4^,_«»>Jlj (struts) ^^^^ oULpj ^ aS'j^lJI Aj^^kiJl 



42 



^USl J*£J| *J^^I aUI JLiJ .yU ^Ui2jNl JUL* 

(rolling) ^jJl j^-i^" jW^' ^^^"^ p-LijI ^Lij>JI 

4_*_:>-jJlJI iii «-ij->iH a^-^'^^ J 4 (ailcrons) ij»-j_?-JLJl oLii ^j->^, 

J^Aj J-gjJ LfjcjAJj- - (elevators) *-j^r*H («^^J *(nidder) 

c (level) Olj^iail S^Qail ^^^iUj C.j.;t7lt O^L^ JLi .k^j (fin) 

01^;^ (.fJ^ <i^L>MJl ^ aijLj (cruising power) j-k: ^^Lki^Lj 

.dii^ ^pBj jl aJSJiS aJUi ti<>^ 

^ Iku (iJLiI SyUaii J>kj| jjs>^\ <j>^^JLil Liil 

J^-lu (rudder) oL>cj*yi iiij (aileron) 4j»-^JLli o>>h 

41ji4 JLLP 4l4 J2>.l]| (j^^ (flick roll jt snap) 4£:^U>b 4j^^Aj ^llILa 

J ^iadUMJl ^ SdL2j| UaP ^.^^^^^ W^./^ll i^i^J^J ^ 

aJLlIJI JLlP ^jJl olid JJLi^^j>«j ^ diillA cJlS' 

(barrel roll) aJI^Ii^I JLiiij Lp|jbJ*i*^l j^^^Uj j^^^j (combat speeds) 

^liuB ^t^o^j JlJ^ olijJ ^La ^Ijl>«i*-.I iiLiA .^-5^ ciljJ-* 

(jL-wJl SiLuUI Lstf-Pj t>*-*^* tPl flUtjNl o3 t^ilLo) t (cross control) 

JjVl iuJUil ol ylk ^ J j\ c-JLr 

Jj^jJli (^i^ ^ oUUjjI j^JLp (spin) 
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01 .(vjjJ^ aS y>J <^L^ jW*') (arrival and departure stall) 
^jj-JLj jjjj t)l <>^-^ (stall) ^ J-l* (sideslip) JM^l aj^rj 

iJjjL»- ^j^j jW^' Ly^l ^,r-H ^ L^'j^' (snap roll) yL) jl j;yrLi>o 

.aJ <^>>«-i S yLkJl ^j-iai^ ^^yij jl tc-^ ^ (t^l spin) c-JJLU 

«<>jl J (arrival stalls) p-l j-fjNl ^^^J J jJl iJL?- ^ JljJ j 
jj>J aJLtu (rudder) iiiPjJl i*-! Jl o ht.^I iJ jU^^o jllp iLiJL>Jl ol ^liaJI 

^ J jW^' <-Ij^ iSJip . IgS.-jj ^i^^t ((banldng) 

j^Ul jUft3l j^-Sj cSj^UJI JLju .JLqjO^o cJIjj^ ^piJ ^JjJ^ J^'^J 

^ jLk]| .5jL*l JiS] ^ (departure stall) ^\^\ Lol 

JjL>ej 4jjJi5 cs*^^ jj*^ ^ • J-^*^' (J*"' j-*^' 'ji^^ 

Olkiul jJLdD a^LkU 4Jl^t ApL^LiiriVt j3jJ ^JbJ As;^J '"^jt^ 

iSU^f (top rudder) ULaJI iii Jp jSjup jLWI jJaj tJbJLij 

^ jii^ (snap roll) Ais>-lkjt ^ i:>- ^3 S ^ LkJl liij j c ^^JUl ^L^l 

ij^^j«ja SjJjLj JbJLutf ^IjJa^Lj 4^ (<aJjjJL>- aS ^ ^J^JLjj ( ^^^JLoJl 

t(Sopwith Camel) J^l^ cLu^^ S^Li* U-^V tol^LIaJl ^^^^ t*iJLli 

^UJt AjLIjJI ^l^^^fl Oljjb^ (1^^^^ «-J^UaJ| ^ JbJbJl cJi* JJ 

S ^IIJI cJl^ iL^, *-iUJl IjLju ^ aL»\^\ a1^^\ JLIP 
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^jVl ;L*JLJI ij^l olyLU 4-^ Jl^ tc---*J dUi ^ 

(spin) jLfi*^! J ^^JlJI j (snap roll) S y\j 4^- LJT 

Jj-i,flJ- i^^j>«-*jj cijLjjJLj 433 JU.Jtl4 J-=^ J ^'J^ 

4ijJ J^.iaT Ji^LS" a jLi? t ^. 1 Utji t ^ jjJ^I J-^^^ 

OLi tt5^^ .1^^1211^ 4-JjjJLpJI 4^^^j>JLJ j_^L«-qJI oLjtj^fL 4-^^l 

ifjt ljT j ^ 4j jji^i 45' j^Ji »i jjLdj J 4ii^ s ^ikii 

i^y>^\ ol^LU 5JLSL- cJL5 ^L>«jNI ji^S7,»'yi ^jlp iJLSLiu. ^1 
^jju>. (Royal Air Force) aS1^\ 4j^I S^I c^juL. JjSlI i^JLJl 

^1 0 jjl^^t ol j'.i^l 42ijui jLk!l SdLi S ^ 

.JVji^yi ijlj3 4-u^ JiJl ^JasUl 

((Gibson 2000) .-ii,;***^! Oljja ^ ^Ul ^^^^SL- j^LyJl 

44d ^j^\S il^^yj^ 0 ^ ii ^p^^ f^.J^ JjdW jJ^' oJi:*- c^JlkL^ 

lJUj (^^^1 j] jL^I oUii^fl JLip jL-Jl Jl (rudder) oUj'rfl 

iijU^ ^ ^^\^\ '^^J^J (loop) ^ ,y 

.^jS 1000 J5j oUUjjI Jip 4*u-l* 01 jji 4jijI3j JUJiiJI oLSiJNI 

Contrasting DedgnPhUosophies ^Ull oUJi 9-1 

Ol^^JaJl 4^^ ./It tSE-5 S^Lkll 1917 iJjLajD ii-j^l 

LLj FokkerD-Vn syUaJlj (Royal Aircraft Factory) ISLJ\ 



. Jl^- SajlU) J ol jSlkJ) J oIxJVi ol ^li. l^-ij; v'A *^ J*- (Loop) ^t^Vl (») 
;jb)_jii iPj-j JjL-V) Jl ^^J*i; it J-i itj-ljV) Jpt^iyJLLiSyLU) t^UiPj— jIj-J 
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Aj^^I I ^JUl ij^Ul *S ^^qq ./xj ifl-JLUl LaU 

(Anthony H.G. t^jJftjl « ./i^j tS^jUaJl jl^S:.^*^ MM 

V ^JULJI (ReinholdPlatz) jj^sL JJ^^ t5* *^^J Fokker) 

^L>bJLJ| ^ J-^^ V-^*^ JLSJLi cr*-^ V^-^*^ i .ft ^ « < 

(4-1 JSLiJi) S.E.-5 5 yOail ^Li^ (oU-j5 5) S^^l AJLlil dl 
aSj^ (inherent) ,^7. Ijl S^LkJI ►LIl*! iJjU^ ^ JJi ^ 

ijjIjJl i-jt-gijJI j^JLp <laiL>«-Jl <JLp t-.j>»-J t (banked turn) *JLLJl ijjlj 

jLkil lijj .«jUlJ*yi jl^^-gJLu-^ tA-j:>-jl]| iiij ijl^^'y 

.(level flight) d\j^\ ^\ J^j 

LjlS^^ cJlS'j c j_y^-uolij3j jj| SE-5 o^LkJl n-^>eJ ^jJa*J 

^ (numerology) ^IJ-pVI ^1^ ^UipI Sjjj Lyaj! ^Ju3 

.li^j .. . (thrust line) jliJjMl Jai- ^ ^^j> 5 UjlJi^i ol^l 

^jVl <^L*JI c-^^l o:>L-LiJ ;LijJL>JI oljLi^l c^.^ 

Jij tj^LjJl cjLJUAiil S.E.-5 olyLl? oljLii^ ^iJL^jLu-Lj) 

: Uj (Ronald Beaumont) cJj^jj jJIj jj Lfi-*«j 

Lf^JiM iiJij ,jJL-j tJLirf- ^ ^ jj jSa^S 

.2»Ut. Sl. 130 

jdl) o1 ylUl »bt pJld UjJdl ^Uu : (Shuttlewortli CoUection) il^ jjJ: ol jbi^ (•) 



46 




/one'^ Al the : j^) S.E-5 S jSU» ^U*- ^ ja 5 j) j ) JjVl UUJI 

cJir S.E-5 :)V cIjU ^ ^1 6i4J LiUl I jJLsA* Jane's ^ Jl^l JlS j World's Aircraft, 1919 

.(1919 fU^L^ J)>-V 



JiL^ (5-1 JillJO D-VII S ^UaJl dJULj 

JjVl ^ cJlS'j ttilLj^ (airfoil) jUaja ^ijU '^J^ U^^J 

(circulation jlj^^l (Prandtl/Lanchester) /J--*'^ 
jL Ja^ jl 2001 ^Lp- (David Lendnicer) jl-J J^^sb ^Lil , theory) 

Olj t418(Gottingen) ^j^j^ lt-*^' f^^' V'J^ D-VII S^UaJl ^Uj- 
JlS" jl • J^*^ (>"J Jiw^ D-VII 5 yUaJl ^^^>- 

(5 j^l ^.i-i>^ij J (J-iil oil j^^Ju) (thorn balances)) j»-S^>»iil dj\ y 

fi* J^ji D-VII S ^UaJLI ^i^-^l l>^.^j .J jJal Aljlj ialpj Jli»-3lj JJUl 



47 




Progress in Airplane Design Since 1903, NASA Publication L- : LoJLij) .ji_^.»*iJI ^jJ 



Frederic William Lanchester ^lw«--JSlj*il j dLjJby 10 _ 1 

|»lJj (iLjJbjd ^ ki-jJbJl LfcL>t^ Lfj ^%.5c>eljlj 0 jjlkJl jl ijjiaj olJb 

1 ^^JaLc iS-i>JLj ^'Ly^^.^^'uN J . (Frederick William Lanchester) jl^^'Ci'^ 

o<-^Jg J (vortex theory of lift) ^ jJl ^jjJij C^^^**^ J^^^ 

jcr*^^ '^'^ (**^ '^^^ (finite wng) oLi* ^b:>- t^ji:* ^ jjJl p 
_ 0 ^ i-^l ^A]] aJ j-jUs (31^^ j^— ^ ol^ '""^t^^ cs^ W-^Wj J"^^^ jLSCsVl oJUfc 
Jiij t (Inherent) jl ^^^^^ ^ujj ^^^So j,J L^*i/ cJ\j>- jl^^-JaJl 

cJuh ^.^^o^ ^ Iki-l JLaJ J . 1897 ^^*j>i.-^l ^JlJUiJu dJLiS e-i-li^ 

«f[ying» motion ^ jij^lall ^lS"^ L^'L^.g^tj tjL^U JLJj-^iiL ajjIjia*^! iS'^^j>Jl 
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^^U^l jJiJjiJ! otj t«fleemg» <S j>- L^^J^ jii^t Ai-ii»JI ^yj 
.«Fugitive» Ajj-i^^fl 4aJL^! ^\ijs^jA 

^ tdL»Liiij^^)f|^^^;^L::S' 1908^ 1907 J y.....^T;^f ytJ ^ 
c (Wilbur Wright) ti^lj j^^JLlJ t-J^Li- Laj\ .ajj*9^ 

.j:..MM.7iMj ((Pinaud) ^ 5^1^ (J-^j ^ OLS" (jJJI 



G.H. Bryan and Equations ^1 O^^dlMj jLI^ J; jU 11-1 
of Motion 

I^S:;! ^ ^UJI (^Vl L^KAj (W.E.Hartly Bryan) .ijL!^ JLjU ^jyr 

^^ ^L>-ji 6 (wJL^ j*-^ J-* S^liaJl j^-w^ (1)1 cl911 ^U- 

jj-U Jii (IjUj-j :)L5 (W.E.Williams) ^LJuj ^ OjLjcJLj 1903 L»!Jl; 



<jUjhL^ ^^^^\ "IUJlS .iaii S^LUI oViLjtJ! 

C1642-1727 (Isaac Newton) jLx^l ^^^^ i-— L-Vl oL^^JkJI 

jlj ^ * v*-"^ . 1707-1783 (LeonhardEuler) JjLJj^j 

Bryan,) e yi Jj"^ o*yiL«-<J! eJuh 0 \utAi£- Ll>jJL La ^ ^1 ^,>^>tij|j 
tSylkJl i^'j t^L^ ^ 0!^:^ jLil US' .(1911 

.(7 - 1 J 6 - 1 IJLa ^ 



oU-jA c * S jJLUl ^ oVaL-I 

ip^l oVaUm Saj>. tiiyi. 

(Euler angular rate j— ij— * L^l jj_J 
4JAL5JI L-U jj^ J J*-1 j-a equations) 
A,B,C .wjVjN, q,rjM cZjY 
X, Y, Z jjUll ajUi^l ^j>P ^ 
Bryan» Stability in : j^) ^UjlJI J-p 
(Aviation, 1911 
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0^ 



= W (n^do+m -uX^- vX, - rXr 
= - r* sin d, - itr« - vY, - rYr 



( dw qU\ 
V\gdt- g ) - 

Ait A 

gdt " ^gdt - 



TT^ cos - wZ^ - pZp - gZ, 
- wX„ - pLj, - qL^ 



Bryan, : ^) ^S:^\ oUiJL. y Ub . Ja-VI i-iU-l >1 oViU^ j JpVI ^ 

XStability in Aviation, 1911 

obi l^t j^jJLp 0 ^Lkll JusUj jJj ^jj^j J. j ..>^ tf . rJ L ItJu 

j\ jjaJH\ c.w.,^T 7.1 JjOJl ^ ^1 >-^^fl o^^J^U^ (1)1 jUpU 
iiva^ JJLo ^yrj^l (1)^ dUJi^ cj\jcJl.» 

La jmj IJLfj "Jjiju ^i^i ^iJl^^ ^ ji-p t S-i*-* ^ (gust) ^Lj^l 

I^S^.Wti i^liCll ^jJl ij^^iaiJl eJLfc JLJ j»J Ujlj <b! (W. Hewitt Phillips) -JLi 

. F-104 jJ 0 ^UaJl JJLa t i*j>-l ^ 4^ J ijij>-l ^ L^ifl*!?-! fciUj jj^U- 

t (Captain Ferber) <>^^1 j-* |»-^>*^l j jl 6L1 ^ 

(MM. yj^jJj jjj— J t (Marcel Brillouin) ^>ijli^ Jtr-J^ JJ-^J^b 
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^ (Hans Rcissncr) jli— jj jj-jL* kL^ji ^ Soreau and Lecomu) 

. (Luigi Crooco) LJUajl j^jj (Ji^^ fj^b ^LjUI 

iil^l (airloads) mJI^I oN^^I ^jS^ij oLL»>JI ^I^J ^ 

ii>-^JLj| Ol^^ ^L^UaJi C^[^ JJl .SyliaJl Ol^^ 

iiSLiuo (rotary loads) jIjJlII J-»^I ' (3^^ l*^' coUiJ^ytj t^^lj 

^|JLi»i*i-Lj 0 jl jjJI o*y j-Q^I <^Lj_5_l JJUi J (National Physical Laboratory) 

. (wind tunnel) 

i ^^LA\li^ j^^^j tiai-ill ^(/^^ 12-1 

Metacenter, Center of Pressure, Aerodynamic center Zj^LJ^\ 4 ta S ; 11^ 
and Neutral Ptoint 



oJL?- J ol y LiaJLJ (Joukowski's theory) ^^SLi j:>- 
^^-^^ J ^ ^ A^aJaj J y>- (pitch) ^ jl\ ^jfi Jj"1j»j" 

4la2l]| oiIa O yu 

O^^SCjj . (wing's aerodynamic center) ^Li»JJ ^^ySL^oLuij^^l jS"^! Lfl! Jp 
.LiL- ^L:^! c-fJbj^j lij c!^^' lij 

C-uU ^j^jM ^j^^j ^djlj ^ '^J^^ cJ^^"*^ '-^^ jl:^ 

. (wing center of pressure) ^^^1 ^ j^, ^^^^ J* J ij^ ^J^^j^ ^ j^^ 
(Dr. Charles McCutchen) ^^iJ ^ iJL. J jLi .a 



.(|^ ^1) ^LJLl J»t J» ^^1 liW >li£l : (Single Vector Lift Foroe) ^^1 JL^j ^Lui (•) 
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. (Dr. Jerome C. Hunsaker) j^j«JU fjjesr Ji^ utriJ^-^ v^'J^^^*^ 
jl ^cqS^ hi-j^^M JAIa ALjUl JJk^ ^_^lkil j,--»Ji Djj 

.SjSlkJl A^LCUJI c^^Sfl (^j^jl ^UlLyyU i^k^\ p J* 

JJLI»1 ^JLk-^ (8 . 1 JSLiJl) (B. Melvill Jones) ^ J-iV . V 
(static ^ ^^SLJI (_^olfJL| ^^^^ U oVI ^JLi^i-J ^JUl ^ t^UI « 1^)) aJL* 
^-stf iiaijj JiiJl j^j^ j-j c'^^' ejj.sA>^Jl iiL-^l ykj ; margin) 

^Jb- ^^liJL , (Jones, 1934) S^^lkJI J^153 ^^^UJI jl JLi^ JiUI ^ 

6 >■* • (neutral point) . <jdL»Ji SJaJLJL Jiili jS* ja ^ y ^ialj 

Ub^ ^ (S. B. Gates) ^_,-iJy UU* yL: 1940 f U ^ ^ .(Qibson, 2000) 




-i>.jj ijU» t (18874975) (BennetMelviU Jones) >JjjrJ,ua^c-fi^ 

. (J3i(7^. Memoirs of Fellows of the Royd Soe. 2977 : ^> ^l^f^Vl 1^1 
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Teachers and Texts 



stability and Control Educators j\ jijA 1 _ 2 

.IS^U?! ^ijj ^ j\ jilju**)i\ J J^t^J <^'^«^' ijii 

. 1920 ^Lp ^ oIju 

Jl^juij ((Mix) l^^jl^lij ^^mIuuh^^LmiLb JLfJbo IclijJajl AmiJLIA ^^J*^ 
AjuL^j ' *' J ^^W'J tO^w^'":-'' <Jla[s^j ((CIT) Lq>^j:<7ll LJjjiJl^ 

(Alexcnder Klemin) ^y^JlS' jJJL-J'I jj::^JLJt ^Jii t^LJl ^ .^j^Ll-i 
i3jj-jj_jJ 4_>«^L>- ^ (Collins Bliss) . 1 i ; ^ I j-S' jjjLi'jJlj 

oLVjJl ^ (J oljmli^j ^^^jIjUj tSj-ji-Sfl ol^^i-Jl ^ tjl^^Jail 

JlfrjcJl t^jJ tl977 J"iU- .llA UdlJbu Jbjj UdJLPj tSJL>.l*j| 

JL* LJL1» 145 JjI ^ (AIAA) ^Ls^lUI j Ol^^JbU j^^^Sfl 

f/-^ t^UI c)ij-*-^l JLSl J (Otto C. Koppen) ^^-jj-S" j-? jl c)L^ 
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oUaL-^ aSjIj L. 1M7 ^ (William F.Millikeii) .^jSLJL. ^UL, 
jOJI U* ^ L-lj 8 yUaJl dL.biA ^1 1930 ^Ip Jl^ Jll. 

t J^l^L jljJail dLiliji ^ gjlp 4^Jlil JL»- jil ili'j l^y^ t >^ 

tUijI ^ yuLj> djtiJJJ^^ O^jJuJl 01^ L"Jli* (1911) ^yojjl iJli 
4jwU oL->L^I lilL-l Ol^j Otjs^f J ^fe-'il c^bS" tliS* 
^y. Jb>J iiL-^ v>dy^ vLiSUl JJj .(North Wales) }Lj JU-i 

jl^^iL-l fj^*^ ^ .i-^b^l iilii ijLfJ ^•^W'dl (>^^ tti^Lp^j! 

dL^LLjAj^^l jj,^,:. Ji c-^liSai JjVl <*JJI a920 ^ 

. (Leonard Bairstow) j^j^j Ji) <iJj-gJLl (Applied Aerodynamics) ^a^»U*,]\ 

t (Ernest F.Relf) t^al ij ... .1^1 J-q-p ^1945 |iU . (Imperial College) 
JL^jQ ^y L^jj^Ji-! ttf; OIJULJI (William J. Duncan) CilXiji fLLjj 

Qtj.lflli jULijI ^ <^jJLa iSJLiu (^;-4^t Jjy ^ ( Lfi j S ylkil jl 

OLjIjj ' M-*^' oLu-IjJlU (Cranfield College Of Aeronautics) 

_ 1921) (Kyuichiro Washizu) jj^lj «-jJ 'tJ^LJi <y 

.SJb>iJuJI oL^^yi ^ ^^jS yj] A-jJ (^JLJI jjjJI Ld JL?- (1981 

yLiJi jiaJj .j;^^ iwjiL;- tOlj*kJl 

U5 .i^l dllJ ^S:Z:l\j j\jkL^>l\ ^j^, il^lj j^JL«iJl SiU 1^! 
t (Frederic Charles Haus) ^jL* JjLi dLjjJUji iLLu-^l ^^ySLjjJLJI OL^ 
JjLS" iLL-^l ^yUVlj ^(OttoH.Gerlach) ^jl ili-Sl t^JLii^lj 
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^^jjwj ^ J^Lp- ( ^jIjl^I aJL* ^ jljJLrJI ^ ^L,^! jji 

oLuMuunj^l 4^ j.^»bJIj 4jjL>b:J| ti^AA^I oLuMuurijji ^^^^ jt*"^ 

j\jS2J)i\ j^JLI^*] iil^jj^l jj-^l 1-2 JSCiJi 

Modem StaUUty and Aij^l J ^^"^1 ^/-ij^ J> 2 _ 2 

Control Teaching Methods 

^ d jJL>JI iZj\j^ JLi.A>r7i.«.»ll <^ ^1 oLiiiJI C)\ji^\ JJLuiLiJd 

JLiij*yi oLLj^l jJLp J^j-,fl»Jlj I (high-degree polynomials) iJljJI aj>-jJlII 
jji:>- j! US' . (linearized transient response) iJa^l 

i5'^ 4.k-«jl j^yij iiU^J (eigen-values) LlaJl <^ j->^^ l^\J^\ o*yiLs«-<Jl 
.(factorization) J>« 1^*11 J^i>-^l ^lL^ ^Ij^^I J*>U- ^ 

j,iC»ciJl ajI::^ (Arthur Bryson) O^^l^ jjjI Aj^b*- ajwU- j^^j^l 
JbJLjJl t(fyjj**S3l (Matlab) cj^Ul a^L^\ sylWL 

.v^biSJI ^jjJlJI ih-^lj JSL^I 

jl^^^^l ^Uaj J.;la7. L-JUftJl 201-199 

S ^UaJI 4P ^^mJ t..' f^ji^l ^3^LmJ <Jjbbe JLjiIa] ^ ^^^Ja^utf SdLij 
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A^j^i>J\ j^^ji <^i:>- ^ (William J. Rea) Ltj ^LJj 
;Ja»JI S^UaJI o*ydL« SIXDOF 

^j'^Qai ^IjI LoJj;^ i,\JujjU ijwU- ^ (Peter H. Zipfel) J.d.jij ili^Vl 
^iLoJ p-Lij <J*>U- ^ (>5^ 4 ^JLb ^ ji j^yJLp (CADAC) iil^LS' ^^j^ 

,4jjj^^^^jn^ J (^^^ fclUJi^J tijjLxjB iiJLuoLjij^l 

a^i>>- ^a^LJI o^fUJI ^Sfl LJj 

jjl* t^JLiuJI *^\^ o^*^ •'^^ (Jean-Qaude Wanner) ^li 

S jSUaj ijL>fcLi*<Nl iuijl »^L«j- jjIp jI ^^iLu-'yi 'S**^ 

djS^I illP Aj>eI3j OlijlJl ^,X>J jJI>\j\ jLipIj ^JL>eI*-^l ^ ^ \^ay/7 JJ ^ 

^ j^j J^-- ^liiil ji-ij ^ i. (outputs) o^U-JLo ^ 

aS'^^^JIS' ^1^1^ 'tl^dJ^J U^.^^-^ a i/i'i'i t4jJUf*J iJffUcJ 

y jAjunS ^iJb>clA^L (4^JL^J| AdutfjLMJl ^ L^lIa^^Lo k-.^>BJ OiJL9>^l l^^y^jlj 

( 01 jJail »iJL>l:jd ^\ ji (>*^ tf^l oUil ^-jlf^ 
.aISImwo ^|Jl»miMilj jjj^MA^I mJ^ISp L^j^ki 
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stability and Control Reserardi ji^^l j jl JUUo 3-2 

Institutions 

.Uijj SJSi J 



SJSbJl gv*^' ^Liuo t4JL*Jl iiSJl L^jjJ ^ Lj^Lji- 

^JL2l4 t,lk^ (t-fd'^ (^J^ ^ fl^liail jjulv' ^^^-^^ (AjL^L ,^^y^y»l\ IjLa 

L^lJL^ci^l ^ c2^lii>fLj J>JL? ^1 

JLALnji jIJLaji i^LlSUl IJLa Jjg ^JLA JLi JLSJj .J. 
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di^4^J%i Q^J^Jk ^pli^^jjrf 
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4ij ^ c^\j ou jljLii 



1-2 jSaJliwS 
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stability and Control fJi^\j J ol jJj-j Cj\ jjJL. 4 _ 2 

Textbooks and Conferences 

(Aerodynamic dJL^UjAj^Vl c-jIi^ ^ (B.Melvill Jones) J.^l.^l 

^Li JjSfl ^^Jdl 1934 ^UJ (W. F. Durand) jUIjjjJ T/ieory) 

dLj»Lj|ij^^l 4-JLij| ^jcJail |ilJL^^I .Ji^Jl lift ^ C.../?li 

(Leonard ijUj-JU 1939 |iLp (Applied Aerodynamics) ^a,,)nt\\ 

:1949 i^JJI ujIiiSCJI .^Ij JUaj JIp Uajl Bairstow) 

jiiJjJ (Courtland D. Perkms) y^jti JIj^jjSJ jlyfcLu-*Vl tS^lkJl 

cjLlSCJI IJl* OL^j v-jLlSCJI S jLj. Jjxj 01^ (Robert E. Hage) 

^ A .j,-^j>tlJl J jl I jj-ujJLl] J-sA^^t j^^jt^L>«Jl jjk J(jLo J 

oj^^ .A^L^I ^^^1 JbJbiJL] ^ <>t— J ^^Jiojuj t-J^^ ^J^-ij 

JjJlJI ^ 1990 flp lui cy^^ J5*JI IJufc SJbJj*- »^ 

. 1952 t g^Jb^l^ . S jrtWl j1 yfcu-lj .j-ljd - 

U982 d959 .pX^ljjIyU-VI ijl^ldLilijA t^^j.^^. 

.(Jbj^)1985 

.1961 (O^Lpjii j\Jb^\ (>^L.^d.4jj- 

.1951 .fci^JbJI:)ljjyi*iJL*^4 tdlJjS'oT.j^ 

.1964 

. 1970 t jU-Jl . jljJJI jl * >U 

(^LJl^ .jj . 22^1 J at^UJI c«l ^niiiJ Jl^l dJLiUjA ( ^ISL. J J - 

.1972 

. 1972 . dVU.A c - 
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.1973 tOjij-^.^ .^^1 
. 1974 tyja . ^l^JJI C»UyJ (^Ji^l J-i^tfll . JL^T . Jij! 
. 1980 ( 0 . jljftUl i4»'^tA j1 ijL^ii .jAi^ .4jt 

ji j2i^>i\ ajS\^\ sjlpU^ J*JL**iJ1 t ull^ .j' -^j' 

.1983 tJjA-j/iJLi 
.1986 (^Jb^l^ . jl^JiJI jUUu (^li^ .l^jt^jj .^1 
. 1989 I Jj* _ ilU . ^'il jtiotfJIj CiljsWl jl yfcu-l J 
. 1991 JLij . ^Jj^\j ^\ .ijy i3!5L 

. 1994 ,Jjj . Jdajl Jl.^lj ,j-LijL- Jl 

.1994 

.6l>jl4JlSL.j6l>J1 *VUiAjji>l *dL.j^iJL..jJL3.^ 

.1995 C4Jl£j| 4iuyi 

. li-U JI ^Uaj .iL-Uii JJ Jjtju * i3 .-L^r 

.1995 ojjjy^ 

.2000 

. 1996 t4jt .4jt .t^T . ■ jJUaD ^1 jJa}\ j\^\jlAj3^ i 0 .iS» 
.1996 tJjjjjl .SjJUJI jlyfcu-lj^lil tJ-^-jj^j^r 
. 1997 t Jjjjjt . Jl^l dLiUii is^L* ' • V -f 1 
• 1998 ( JLj . c«*^aUJI : jl^l dLiL>A « m^I^ . J} .4^ 
. 1998 (4j>t .4jt .^T .4jt . S Jl .V . Jl 

.1998 (4jt .4jt .(^T . ^^t^ oUU*- i I 

.1998 4 4jj.4it 
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. 1999 .Aj] .4 . <f>JUil jljJJI 

t4jl .t^T .mjI . jJJl t^li^ Jji^j * J-^tij 'cr^' - 

.2000 

. 2000 t^il .^j .t^T .Mjj . JJaJlj 

: 4j3J»u)f li jdUoJI oi* UJj 

W. J. Duncan, Control and Stability of Aircraft . Cambridge, 1 952. • 
B. Etkin, Dynamics of Flight: Stability and Control. Wiley, 1959, 1982, • 
1985 (with L.D.Reid). 

W. Babister, Aircntft Stability and Control. Pergamon, 1961 . • 
W. R. Kolk, Modem Flight Dynamics. Prentice-Hall, 1951. • 

E. Seckel, Stability and Control of Airplanes and Helicopters. • 
Academic, 1964. 

T. Hacker, Flight Stability and Control. Elsevier, 1970. • 
J. Roskam, Flight Dynamics of Rigid and Elastic Airplanes. U. Kansas, • 
1972. 

B. Etkin, Dynamics of Atmospheric Flight. Wiley, 1972. • 
D. McRuer, I. Ashkenas, and D. Graham, Aircritft Dynamics and • 
Automatic Control. Princeton, 1973. 

H. Ashley, Engineering AmUysis of Flight Vehicles. Dover, 1974. • 
W. Babister, Aircraft Dynamic Stability and Response. Pergamon, • 
1980. 

F. O. Smetana, Computer-Assisted Analysis of Aircraft Performance, • 
Stability and Control. McGraw-Hill, 1983. 

J. M. Rolfe and K. J. Staples, eds.. Flight Simulation. Cambridge, • 
1986. 

R. C. Nelson, Flight Stability and Automatic Control. McGraw-Hill, • 
1989. 
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J. H. Blakelock, Automatic Control of Aircraft and Missiles. Wiley, • 
1991. 

B. L. Stevensand and F. L. Lewis, Aircrttft Control and Simulation. • 
Wiley, 1992. 

E. Bryson, Jr., Control of Aircraft and Spacecraft. Princeton, 1 994. • 
B.W. McCormick, Aerodynamics, Aeronautics and Flight • 

Mechanics.m\Qy,T^ Qd., 1995. 

G. J. Hancock, An Introduction to the Flight Dynamics of Rigid • 
Aeroplanes. Horwood, 1995. 

M. B. Tischler, ed.. Advances in Aircrttft Flight Control. Taylor and • 
Francis, 1996; AIAA, 2000. 

D. Stinton, Flying Qualities and Flight Testing of the Airplane. AIAA, • 
1996. 

J. Russell, Performance and Stability of Aircraft. Arnold, 1 996. • 
M. V. Cook, Flight Dynamics Principles. Arnold, 1 997 . • 
J.-L. Boiffier, The Dynamics of Flight: The Equations. Wiley, 1 998. • 
L. V. Schmidt, Introduction to Aircraft Flight Dynamics. AIAA, 1998. • 
M. J. Abzug, Computational Flight Dynamics. AIAA, 1 998. • 
B. Pamadi, Performance, Stability, Dynamics, and Control of Airplanes. • 
AIAA, 1998. 

J. Hodgkinson, Aircraft Handling Qualities. AIAA, 1999. • 
P. H. Zipfel, Modeling and Simtdation of Aerospace Vehicle Dynamics. • 
AIAA, 2000. 

R.W. Pratt, ed.. Flight Control Systems: Practical Issues in Design and • 
Inqflementation. AIAA, 2000. 

djLsT (Advisory Group for Aerospace Research and Development) ^j-kiJl j 
(Dr. Theodore von Karman) O^^JS Oji jj^^ jj^*^^ JL^Ln ((AGARD) 
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^3 ^ jiJJu i^,.,„ ij 4 1997 ^L* ^ .iJLijI ij^LJI 

. (Research and Technology Organization) jjLJI ^ 

oIpLlUI c ; S t JL2J .^LJdLjLja oIjLJLi^Ij (oI^^Ls^ 3 I ■■■ 1 .^j 

jlUI (RTO) jl ,^ Ujlju d jl^T c^\l ^\ ol jlJUf )fl J 

c^j (AIAA)^LMiijlj C)l^ttlai3 JL^I J\ SJSUJl t^^l 01^1 

Qij.laH JJLJI^^ ^ olj-«jJ-Jl lijl*** JLajtJ til^JUl aJl* SjliJ 

(The oL^I ^,r.^ ^ (^jJ JJUl^ .^,-5UiJLil j SiLiJi j tij^l 

Up-UapI ^jP^t.-T iia-JLj p-Ua* <ii>J Society of Automotive Engineers) (SAE) 

.ol^Lfijj ^'^J iSjJ^ J^*^. 

iZj\jJtJyit i^gjjA J^^-^ 4.2^dL£^llj ((DGLR) 

.^iXxlIlj cJlji^l £>^>H 
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Flying Qualities Become a Science 

cJl^j .syLkil y JH ^J^\J^ jl (flying or handling qualities) 

tOlylkU JjVl fjAs^\ Jbu tSJbJL* oljl-J Q^^J^ 
^ cM <>°3 Jt^ ^ ^1 Ail^aij 

^ ^ <JUai» J iS ^^-iuo ajI jj (Walter G. Vincenti) j_,iL^*-JL-i ^ jj 

^ ;L.LfJI Jj^fl S^^J^I ^ ^1919 ^ i-^l LikiJr.JU^I IJL> 

Warner, Norton and Allen i^Oyjy c jijU 1 _ 3 

»-^jL>ciJ ^^^j>^\ J j\ j:ai^*:^ ^JiS jLii-l J jl (Vincenti) Jb>- j 

ili^^l ^15 LoJLip 1 1919 ^ vl'Jb- SJb>ciU( oL*^ jJl 01^^^^' 

^ ^Ul MIT ^(1-3 JiLUl) (Edward P. Warner) ^jli ijl j^l 
kiLjJLi^ NACA ,>-i^t* <^ jL-i-HJ *^J-! NACA j^ylAJV 

IJuk JLuLlij (Edmond T. Allen) 0 J j (Fredrick H. Norton) cJjjjjJ 
DH- Jj^iLiU S I J JN-4H «,j--:;-:r* jjS 5 jSlWl ^1 Ji.i-.L jL:^-*^! 
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olj^*^l ^^^^ ji ^Ji'j^l Cy* "^^l ^i^l V-^) elevator angle ^ J\ iii 
.0 4p^^ ^jlJiS* jjl jL» OljJ? AjjJLkJl o^LaJI oj»j (stabilizer 

JJi ^ 0 jLp iSji^JL ^ (^iy:^\ ^ p-l ^1 ^ ^ (elevator) 
^\ j\q ,/}'^\ jj^ JLLP 6 jjQaJl i^jJ tj_jJj-l2Jl jiLwJl jl ^,-41-^*^1 (index) 

oL-LJ J Jajl ^ ol j^^SLw ijjjjtJl i^j—Jl ^jJ^ ^ j-ll ^Jb o| 

(GeromeC. Hunsalker) ^^^L«JU ^ j^-J^' ^1 J^' 

5 ^Lk]| ^1 lujij .1 Jl j^LLj^fl /jJL^I 1916 - 1915 

: 1920 ^Ip byjy j yj^ CjUS J j . JN-4H S ^IklL ^ ^1 t JN-2 

( jsyji ji* ajjS jjwj (wJLJI Jt^^JI olS ^ ^31 43^ 
^ ^'i^'^'*'''' ^^;-<«*il cJli' ISJ^ .JlJ Oj-^ ^.^iLiiL .? oJla 

J*) v^jJI J-JI Ail t^^ •C?'-^' -^^ Ojl^^l ^jljj SJ-^Sfl IftPj- 




JN-4 S^LkJl j^JLp byjyj yj^ ^.j^ jJaJl cJlS" 

IJii^ JN-4 SjSlWl Oli jlyi2-.Nl j\ ^ 

Afi dULj (iji S < J Wij-^ 4^Li.JLi ^LuaSS oLp jllp 
tll^ tyjj*J' t-*--Jl jji* ^ycili j»-*Jb-! ^Sfl J,«7..,i jSj .(2-3 JSliJi) 
(.j*«JI j_5d*jJ '^i^t ji^^ fc-JU* t5^' oljL::^! Ijlp 

jlS 1916 - 1915 MIT JL^ ^ oljLi^-^ Jiiil 
(McCook iiL. OlJL^^ SJb>iJuJl oLi^y j}\ y>- ^yo aLjXjI 

.i2^n iLlS ;Lij(jj ^3^1 tJN-2 S ^lyi oijl^L Field) 

If 

j:>-jj ^ 's?^^^ -(i^^* tJ'ji^* ^y^. lJ^ 

O^j .NACA ^ SjjlaTali j^tj O^j^ oljLii-l (Sy""*l oL-Li 
^•^Lu- oljLii-VI iSj^ J-^' (>■ l^Jk^ij (R. W. Schroeder) j^j^-i 

iJLiLLJl Sylkil ^ 1918 ^ (L^ cjiiv* tiUl) 0 y^j^ j t ^1 

^ SuKi^ ;-j:iUjJi L^i^j jfji^L ii lusac - liL-^i 

c (Henry J. E. Reid) Joj^JjIa «>f^^l i^'J^ tJl* cNACA 

hjj^ (>• (>ijW^' liLULj jy>^j tLJf S^Lkil ol^^ JtH?»-*J l^*^-"!^ 

^j-»L5j 1920 jt»»^ •j.>^l ^^j^l Ji?*— ^1 ^*iif?»J 

.ijljJl oIp^Ij (mJo^I oIpjLjJIj 4^^L 
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40 50 60 10 SO 90 fOO 

t^j^ ajl Jl£' (trim) AjjIjJLl h^S ^ LI yj^ :^yjy j iZ^l^U 2-3 J5UJI 
4>r ^ j-i -((z^) JN-4H j-ej^ S ^Lkll ilyi SjJiSj (i. ^1 ip^^l) ^1^1 

. (1920 t70 NACA j^) 
( jiULl jLp j!) *i ^1 ij^j '^^kj^ ' throttle setting = a yj * 
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jjip (Galvanometer) ^^iiii^ ^ <y^~^j* ' Jt?^ l** 

( JL?-lj cjT yiil Sj^^ J-L>6— jJl ^tii J j^Lj 
01 (Frederick Norton) dyjy ciLjJbji Jli .iJljJa-u-t Ji' ^^^Ip Li»3 
OLS" t >!>^ ^-jJLp jJK;I (^jJI cS^^SH ol j-i^l tr'^*^ J■^^ cy^^ 
. (Hansen, 1987) jLj^Jl iJLjS' 4va-y^:i«i>» JtjJ^ Jf>-^ ">f=r^ 

J-«jJl oLpj_g-j>«^ ijJLijB ^ NACA ajj_L-gJl flJ,g_:»-S[| C n ..Aj JLflJ 

4 . ; 2 : II (photorecordcr) jj-voJl J;?r ...T o^fT c-JLi'j .Lfj ^,.iLj>t:Jlj 
(USAACAL) SJL>^I oLN^I ^ oly^LkJl ^^^^^ c^i^l^lj 

jj-tLJ Oi .^1 >- ^»JIj *aJL* jj-<flJl J .>r .,7 5JT ^ .vL^lj c)l»JL*j 

V^-r* oUL-j cojJLJI c)ljJa3l olj^f^J ^ tjlylLi-i^fl 

Jbu .aS'^^p*!* oI^^LS" iia-u-(jj Lil^^ji ^j-vAlil jt-^u ^.«L>>^ (Jjib-i^ 

^ pJL^ (^JLJl (Abzug «-^Li^l IjL* tr*-^J^ j-^'^ L»JLLp 

^UJ W NACA jLjclm-I 4JL iJliJi A^bJl ^1 SJb^l oL^^ ^1 
SNJ t^jJiiil 0 yLi? y (aileron) ^jJl iii jLi^^f dUij i-ya*53l S y 

. (North American SNJ Trainer) 

c^joli ^Llj^ ^ cJij yj tj^y-^UJl 0 ^1 oLuJ^^-Ip ^Ijl y 
tjLii-*yi tjfjy» ip,^*j>*j» ViJ'^ '-J'.rt^' ti'lj^jt ^ i-^ai*MJl NACA 
(WiUiamH. iJL. ^Ujjj * (Melvin N. Gough) cil^ ^;;jjiL. JS" ^ 
t (Thomas Carroll) JjjlS" (Edmund Allen) Jj^^^lj tMcAvoy) 

4PjAj>.4 cJUp ( r^JL^I jL^I (^J^^ ^ JUJI ^ Loi'j 
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UajI c^\J ^IjJI .Ol^yJaJl t^JLi^ji ^ JtHJ NACA 

(NACA ^ Olj^Ul J-«^ ^.tiLua ^ ^ ^S'jLJUJL 

The First Flying QuaUties J^Vl jtj-sJaJl C^l^U-S' li^lj^ 2-3 
Spedfieation 

ji ^ * ./*" j> c)l t^'i^Ji ^ t^jJ jl 7 i jjjil djijdi J** 

cii^^l iy^^iipJl (^jLi? ^ 0%liJ! SJLoJJijB yjli oLJUalo cJLS" 1935 

^jLi iJjil jlSj .NACA I ; ^ « ii-jk tipLi^aJlj vi-»L>«_jVl (^jl-j-lfj 

.^Lyi ^IjT ^ ^JajljLi Js?^ oljdL 01 jJa]| oljL^I 

Hartley soute and ^ J* '^HJ^ J^J^J^J^^— ^ 

Floyd Thompson at Langley 

iJLjj cJL^j .S yUftJl c)i^ 5 jlJL:*- ^ji* JjiLiJi IjLj JL3 

oi.lW:ol AjJUfcjJi 4^1 jJl!I» <; jijuJi 4 NACA ^ 509 j,Jj J:,.':a':\\ 
d^j J J^^y SJUJ <jIi<u ^ (Hansen, 1987) il,J^\ JiJi 5 yliaj 
jJLJ( cc,,.^ 0 II J^^l c(3-3 J^LiJl) (Hartley A. Soule) <Jj^ 
^ Oljjfiaii ^yti>^ J-**J tNACA ^ ii-jb j.^n^ Lj^U «jj^,j«-Jl 

iJjkil aS y>z}\ jj^ ^pcj ajIjLi^I 1936 ^Ip ^ ^j-^ 

(pitch angle) ^ iid ^ j 1^*^^ (Phugoid) JLJ ^jJuiJI 4^ ^ j*;*-^ 

JLqj C.^.^^ JJj .oU ijjij JliP ^LfljjMl ^ jJu ^ UiljLo 
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oL-LS J^l^- L. Jb^ Jl c.Slkt jlS NACA cJlS" * JLpj 

IJJ .yjU jliol JLaiiI ol^^iaiJl IjJUj>-I jlS t (Floyd L. Thompson) 

0^^^ iij^^jcJl J^ijjtll ^ oli^yi-ftj <jyu d\ JLp LbI^ 

olj-^^->tiiLj jl NACA j^jlJ 5 ji ^^i^l olj-^<j>tiJL ^^LiU iLli 

(straw jjliil J oLikuj aJU jiiaj Lo J aJ^j 0 ^ Ijl* 
4j L(i^ J i jjjii Jap Jl S.i:7,.,>ll oUiaTail ^ 4p j'*^ man) 
SR-8E S yUaii L.JL>iJL-.| JUUj .o-LlJI NACA ^^LS JSUj ^ 
^IjjyJl J Jl^ jJl *J ^^*-Jl oli (Stinson Reliant SR-8E) c^LJLj j dj ..■;.t.^ 

.oljLi^*yi jLi:;z] (4-3 J^l) ^-^1 

aLjcjJI j,.5^>eiU i^oji^l jj^'Li jLf=r Uj^ Oj— ™^ oljL::^-! 

(hydrohlic i-^jjJUk f-'y^ ^JJ^i^\ .eUJ^^I ^3 ^>>«^ 

5y Jp ol y^J-*^ |iJLi«i*-J (BendixCorp) ^^^-S^jllj i^^i ^jj^ cells) 

.SjLiJl J^l j» 

Aljki:^ J ( JtJUl Js^j* oLUaL^ UJ NACA oUJaL> OJb 

Jam c)}j ( ^Jtl^ y^^* ^ .^^1 ^ ^JlP J ^ UjLi 4lJ aJb»> jt UJ 

U yCLu-l jSSSlI J yJL Jj tiJlj 40 J5j *V Syij J*ju oIjIjiaI 
*ULyJ ^ j5 JL5 iS" ^ jjS Jp (F. W. Lanchester) v1j>*j 
^Lp J c-uoji ^^i,u™JL;*y ^lij ^ Jj»- j» oULki^ J J-* 

(Dynamics of the Airplaine) ^S^llail clL>oLiJi» jj^.t^W t^li53l J 1934 

S jjS (ilj JLiJ . (W. F. Durand) JJl jjjJ {Aerodynamic Theory) 

c)t (Ol^Uail ^^t^'*^ ^^i.^?^) AP^^I ^ Ua9> a^LlLa (JUjL^ JLS jw.ati 

.lfiLJ\f%^ 150 Js*yi oIp^I Xj^ iJU 40 UJUl 
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Hansen, : j-a) ^1 ^.JiJI SjL 



,i-JLiJ JUlj 4 ( _ 1905) aJ^ JJjU 3 _3 JJLiJI 
.(Engineer in Charge, NASA SP-4305, 1987 



oIp-I ^1 cJlS" tLJLj»-« (straw man) tt^jii J->-j» J lla* (^I .aIjIj^ 
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oU C)l J^l ^ SaLill Uop S jijj ^ ^1 Aid ijjl^ oL-Li 

(SdJL>Bj> AjjIj J^^^^vli oUlJ^ J^^^l ^LJ (kiUJlS'j .SaJLxI^ 

jjjJ ^7.....t.7t*^ oLjjUj c.,«.^j JlSj .(5-3 JiLlJl) i^^^-JLi ^li^ JLjyi^l 

.(I) 5-3 JSLUI ^ ^kilJl ia^L JLSyuiil 

^\ ^,-^i>tij| o^LS" iJUj:] ^ ^ oLp^I LoLqJ ^^^^ oULJl oJLa 

1^ j^JLil to^^SLi^L]^ (Chance Vought) oy ^_^LiJ Ol^^^iail 

^■■.,fl7 ^^ySUj 4jI l*- (C. J. McCarthy) ^ iJLi JLlJ 
Lj— LJ ^ (>• (elevator) 



Jj ^15* i^U^ j'*^^^ ((Robert R. Gilmth) ^s?^ *^jiJJ 
( JU^^I Ji^aj aJUiJI ^IJL ^IS ( ^1 JiJI «^L»-I J 
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jLU^\ oULJ ^ j^jU l^Ji^^\ SR-8A Oj-i-s- ^Uail 4-3 JCiJi 
.(1940 t7(H) NACA ja) ^S»^jj\jSi^':^lJS\J\Ci\j^\ 

oLlial/s C*i*is^ J JLdA i4!LJl^l 4jj>Ji EjIJL^I oLiiaLa ^ ^^^^'^^^ J 

^ oJLto J i oU-ji 5 jl JjUj ^ jJl 4jj1j j-JcJ ('j'iUl AjUJL! SiJb*^ 

Jal (1) j5o ^1 ajjIj jl ^1 ^1 ^ A3 J >^'J^-Jl ^^—^ a:jjLLo j 

.SJbJl S^l 5>^l SUjV SjaU-j oSfl 

ol ^LkJl jLi^*y "L^ jiJi NACA j^jJ ^c^I <j j^^jl... oIjLi^I JLhj 

j:>Jl qMw- ^lilJl cJL-jl JLij tB-lOB iiiUil Jl« t^u^t^l 

-^J b^*^ yj^ ^j'j^' '^J?J -1938 ^\s> ^ y^JH 

01 ^1 Si oLU*'».* B-iaB ^jU SjJlkSlj SE-8A Djm.;^i.^ S^UaJl 
.OljJaJl oljLii-! 4j|Jb cJl^ tDC-4E ^^Uji S^lkJl 
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Robert Cslruth Breakthrongh it^jjLs^ Cjj^jj j:M 4 _ 3 

(6-3 JiLlJl) (Robert R. Gilruth) ^j^AtHr ^^Jj J^^ 1937 ^ 
AA'iS J c<.iaJl .Lm,.,.,;.. U-U- t-iU NACA ^ jJ^ J\ 

ix5lj SjJli <j! jS'JLij . (midwestern) ^Ja^j] » ^1 ^lJU^I S j^La ^_j-*Soo 
jfe;^ LoJllp .^iLJ ^LjLj ^p^l J5LL<Jl Jl^^ii-*^ 

^^^,A>t> ^-^jl coULw^l/l ^ J-JlSjj teJiUl Aj^yialj Jj>-I ^1 j jJL:>- 

jjl NACA cJ UJLIP toljl*^ eJlP Juoj .Jjb»Jl ^ Jj-^ 4J9UJI 




SjljJLl J O'j-ia^l ^J>■^/ f>\jJ-\ JSI .(2000 _ 1913) vi^ j jL>- *::^jsijj 6 -3 JJJLlJl 
(Hansen, Engineer in Charge, NASA SP-4305, 1987 : ^) 
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Jjol^^lj oLk--^^l jj,AJu JbJL>^ ji-j tjLkll ^5^1 Gateral control) 

^ 3JL>eIj a^^^Sfl ojJa^vJl cJlS^j .^^.u^jJIj ^^.uSvxJI j ( ol^Uail 
./i7^| ^ l^flj..l97 ^|^^«J ( .^"^ 4ia^ 3 ^ 

^JS' 0 j^Jlf .o-H ^^^Ij cLj^^ila>o Ol^y^iail jLj^l JljJ ^ <^l^nj^* ^-^J^ '^^^1 
NACA y^yH ^ ifl*-^^ JLq^^Lj ^Ltfll M-»jJLa]| iflj^^l .JJ ^1 (^JL* 

i-^aiuJI oiUJU c)l^ (W-81, ACR, May 1942) 

.SPD-1 

olj**- i-il^ ^ cJL^ ^UJlj (SPD-1) S yLkil ^ 

J y> Lji-^ J ^1 SJbJLjJl Ai^^ OU^^kr ytJ 1941 
(W. N. Turner) jJ jjj j ^ (Maurice D. White) c^l j ^^^-^ <^ jL-i-^ j 

IjJi^ fj^uiJ^- jLi^l ^ 'J^Jj .1938 ^Lp ^_yijuM i!jjjJL>tj ^5j>J jlS c^\j 

.iLSLiJ Jjl 15 

tiplkL-i^l jI^^Sl-I OU-^j 4jUap jJ J»-l ^^yt^ ^yry. 
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. (1941 471 1 NACA y^jS ^) U jl ^1 ^ oU>c 



(wing-aileron ^Llj>J( ^ (aileron) 5^ ^^JlJI aJjJ k^^^jJl 
^ ^^^UaJ 4-?-^jJl oUij 4->«J^Vl o!5VjJlJ? 4-L^>,flJL^ c combination) 
^UJI ^L' ^> iJi^ .(7-3 JiLjJO UAjLii-l 

JU^ o>-Jl 0 jjJUJi ijjij jJfc pb/2V 01 .i^jJl 3*:^ pb/2Vj 
^jjL^ .(aileron) i^^jJl iiJii ^^^fepVl ^1^*^! JtsU- ^L:^! 
0.07 i-«-jiiLj i-wjipl ^ja: iii JLip pb/2V J LJJLiI ijji^ j-J( jJj^j 

^SaI ^ US' .(8-3 JiLlJl) j^LS aJjs-ji' (radian) jbil jJIj \ 
oUi ^^J-«-^ ^Ul^^fL 4pb/2V 4_<»-J ^2^-;_<»J*j i-JJ-j J J-?- ^1 jj -la-^ 

.(9-3 Jl^I) SJLj5-j Aj^ A:^jJb 

J^l IJla .«5^^Lki jA Si jj>- cjLJlUi^)) ^ ^LL- ^ 1943 

ii-JL« ^^^^ oLJLki^ cJL^j .1941 i^Lp DL-^ VJ-^*-^' <JL5C-1u 
.^uil oULki^l ,JLp iJj^fl '-^^j^ -^^J SjUjl^I 
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c^L.<^l ^ 1 0LU2I Jl 0JL4J ^laJj^l oljLlp|» (l^b (jljJail 




.jijjSj ^jj^ oj^t i^JUl pb/2V ^U-l 1*^1 NACA ^ 8 _ 3 jS:LiJI 

i^r j^^ jJLii 4 CjL 0.07 ^ bp/2V J UjlJI 

^ Ufr* t^LJUl J> ^ 44.8 ^^jLj V^l XiL- jLs^rl ^ S ^IkU iLl^- (roll) 



cil ^'yii j,.S:>-i]l jl ,>:r-^Li ^ .(g) JS^ jSfl J^L-iJL L^l Syj fl> 
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JuoLj JOi - ^jA^ J^J •^l**"^ Gates) 

JlS J . (straight flight) ^-li^^Jl Olj-JaJl i*jj-Ji ^ j! Ojly-Sl ^ ^,_^L>bJlIIj 
SJl?-I j L^L a jjLlJI (quantization) ^*^;*SJ (W. H. Phillips) 
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iaiUls 4 Cm^jJJ (^lii-l ^kS^) jLJftll ^ LjjUI t^jL^ 
(1941 t715 NACA Gilruth and White, j^) 



S. B. Gates in Britain ^ j-*^ tji-V** 5-3 

(Sidney Barrington Gates) ^'^^ ^iSJ^) ^ j^^J^, t^-^r- ^ 

4 1914 ^Lp ^ ^Jujm-aLS' ot-oU- Jl5 (^jL djl? .^jl>.oJUJ| ^j^I (_^Ju 
*LiI ^lVi (dUJ ^ e^rr^' t^JLiLi Jb^I (^Ij ; Battalian of the Royal Fusiliers» 
Jlj>^ j SUi J t RAE ^LSlLJl cA ^UaJl ^L^j-o l5Jbtj cJ _pcJ ^1 (RAF) 

.4— **-iJ^I eJjb ^ 4J ^b*B-o Q'^^ 
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RAE J> JL> JlU 

JuoLj t^jLLo 130 oMLlJl ^y. ^lii J^j LoJiip .1972 ^ dJlpU; 

j-^j (H.H.B.M Thomas) ^^^Lo jJ ^-^-^j ^ ^j-^ j-^' 

: ^ US' c(1974 ^Ip) ^ (D.Kuchemann) 

oU^Ljj ^4'«J1>- a ^^^aJl cJa>- _ ^j^JLJtJ 4JLjl2j) ^.t-hPiJl oL^ 




ii'jJ-lj jL^Vl |,-gJ ^ 4 (1973 _ 1893) JJL^ 10-3 JiLiJi 

-1 UoAil 0 43!^ c 4j<dU^I Vy\((\\\ J a jjllil ^kli a (.^U? ^ a ^Ikli (Spin) 4J jjJL^i 

Thomas and Kiichemann, : ^) .^\j.JaJ\ jj>- ^ ^ y>H\ bJUJLiJI JjLJlI j t g 

.{Biographical Memoirs of Fellows of the Royal Society, 1974 
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jjimLftj j^j5L-Jl ^^^LjU ^LpIJLjJ ^ ^^^y^y Ijj-^^ 2+*^' 

*J_^ SJbJLp t-Jlj^ Lif olk-^l dUj tS^UaU SjjLJl 

0151. ^^^1 jl^^Nl JJL^- iJjlJLuJl 

|iU) ol^lkU LJj3L>JI iS"^! ^ c.l^T,.! ^1 .(spin) S^LUJ 



i^^lj Jl JLiJ'yij ;^Sflj co'iL.licJij oLk-pl 

*^y>^, (Morien Morgan) Oii^jj^ oiJJ^ cr*^ ^^'^^ 

olj-j.*-«Jl RAE ^;JjL5j J-Q'^t^ ^^^JLoU-» taJL>tlflJl J-^^ oij^ oJUJ 

p tcJ ^1 ^ JJL»Lj3j^)fl ^ 0,0,./ ? (jJ^^ 

^jSis^ J 1 0 j-w-^ ^ 'J^j^ J * (C^us Crowley) ^Li^ j c <-Jj-u- 

((HughDryden) OJuIja t^jj 1 ; r Oj-^-ijjj ( (Eastman Jacobs) 

liU-j t (Walter Diehl) J-ua t (Courtland Perkins) J^-^^ jD^j^j 

jJjjjjl jJLjj t (Edgar Schmued) Juj^ j^^b t (Jack Northrop) 
0 J— J j_:>- ^3 L < J i. (George Schairer) ^ j t (W. Bailey Oswald) 
ii j^L^ J t (Thcodor von Karman) OL^ jL-^ 0 j-i jji j-h J ' (Kelly Johnson) 
j^LuLo J OJ t SjL^I OL* ji* J . (Clark Millikan) Oli^JL^ 

J^^UrJI S ^ t^JLi o (tlSCj^t J ^ AS'5lk;*yi» 1942 S jLj 
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NACA iU jI ^ 8JL»ai Ob'i jJI ^ ij^;5L-J) CjUjuUI 6-3 
The US mUitaiy Services FoUow NACA's Lead 

oLV ^ At:y>-Jl 01^ J AJ^I S^l ^y. "Sl^ cu^U 1945 

Ijijj Ji I o II jj,AJtj t j»--j-jLJLlaij» J^i m.:; t Sjlp*i-qJI 

R- <2jLkJl 4jjj>JI <L^\jM cJUa9> JL23 .U^jLsJL^ oljSLkJl 

^yj .SR-119A ^uLlkJl ^i^i UJj cJL^j n815-A 

aS'jIJLJI iii^lj-gJl oLoJbJJl OjJL^!j S^;^^! S^^k>Jl oi^t 1948 
oJL* .MIL-F-8785 t^j./J-Jl Jij ^^^^SL^I Ol^^l 

MIL-F-8785B ^^..^Lli L^l U^l OL^j iJlii- oL*^(^ iiJ^I 

. 1969 ^ (ASG) 

Oi^ ^--Jlj v^j^4->J NACA oLiiai^o ^ ^L-'^yi o^^b^*^! 

ol yllaij Uft*3L (li^l t jjJji c^ji-- Jl* NACA Jl cJyJ JliJ 

<-^L>Jl oL llaTft li J .LfijB ^rtt^^ 4-L>tjJLj j,JL>elj|j to^^^ ./rli 

Olj^l ajuI^I j^J'AiJl oliv^l^ ^1 ^ ajUb^^j MIL-F-8785 ^j.^Sgli 

. 1948 ^Lp Jbu ^y5L»*Jl 

NACA Jt <jit-J ^ J ^ ^ * Jdj^ t)l 

^ ^ ^-^-^-^^^ ^j-^-"^ oLLi^lj^ O J jJLj>- 0«.h>J jt A^JL^Sfl 

ijjI^Vl i^^l LyJLk.Ji IJL* ,yt>oj .(Westbrook and McRuer, 1959) 
jlj^l ^ SjW* *^>»^b ^'JLji^'I ^J-^' 
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: jA U*il iiU JU^ ia5j jJaJl JL^Sl NACA c-Ik. 

.SJb-l J (cycle) ijjA jlm (>*j ^ ^1 ^j^j ^jU-dt 

: JbJl^ i»^JlkJl lJuk cjL.-! ^LiapL 1943 UjS v^J>fr JiJ 

H^i^ JUU^I jA J • (controls free) ^Si^ 

(g^L i ((pull out) Iflji «^Lm.^I (dive) jJuUI j>- 



cC-1815 aLjj1\ cSJb>^l oLi*y^l ^ 4jj>Jl Jjl cJl^ 

(2 cycles) y^jCi jl,«^Lj cNACA Jli Ucj^ UHa^o 

dUi J t JU- jjIp ./l?)! ^ ^Ju jj-J JLiSfl jlji*^fl cJl^ 

44^^ C) ( jJd JLmjj ( 1945 ^ CJ 

45^1 JLL- ^ 1/10 JL^^^I jjbj .«R-1815-B tiiv»l>UJ 
jj-J) 0.367 t^jl—j JuU»j <*-J Jjliaj Ijlaj tJL>-lj jjS (amplitude) 

(4lJLa UajJI t.lJi5 JU- JL^-gjiclJl (J,^>L5j1 tiJLjJl ^^^^1 ^*^J-«^J 

^ LiJLlP .0 j»Jl LsiAdJi aJU- (^^1 4,}^^ cy^^^ <-^^ ^ UJwJ 

MIL- ^ (4iJLo jlmi]! oLllsLa ijlJI^ UajJ] ^IjiijVI c.»yi 

jjjj JL*>.i3l j! 0.110 A*-53l JU* JL*iJ :LJ ks* ^^jii-^Jl Ol^j tF-8785 
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L . ..M JLhA^biil t ^. O^j .Sjl9>Ij (cycle) Sjj^ ^ ^ ^ 

S ^ L§jjLl» c)l iJb jSj t oI yiy I j NACA S ^ 

JLA^viil ^^1m*a IajI^^I ^ < 4j^^j>ei5^j .JLL.«.i^iiJ k-tf***^!! (^^^^i^kM^Jl 

jUi SJjJLi Olylkii JL*»»lil oi.lla?* cJl^j '^5^^' ^ -Ajjd 

01^ JbiVl S^^j-^ JLu,^ vy^-r^* cijT...o!l ^ dLiJi IIa 

o3jj>- jW-^' (3'^* «Jb>tI-Qj| oLi^fjJl j^yii .QIj^^H ^j^LvAP- AlJLijJ 4j^^:>*J| 

JiHJ^ jt^J tNACA jAp^ ^\ ^li- Jiliuj t^JUJl 
ijwbr ^•^b OlJLjij tNATCPaluxent River cSajJ^mJI ijJiJl ^JaJl 

LsiOjI ^^umJ jjI»mJI J ( LjL«Jtj ( LJUoj^ Ck»BM^I C«3 ^1 ^^^^ .OjL^mJj^ 

Jl5 OIjJaU JiHJj^ caJb^Jl oL*y^ *>^^^ 

oJLf^ (^Uftj ^ ^^^"^ JLiiii ijUiil o^LloJi jt*^^^ jl ^JL>tLu-l 

^ VJ^' (Charles R. Chalk) dULSJ ^jLtJj (Robert P. Harper) 

/^yllll jjytj OjJL^ t/Jl «C» U\^\ h>^\ Ji'iyfij tMIL-F-8785 

i^L-Jl oUn-jiii]! cJlS' tc-i^l dUi JbuBj .1980 ^Ip „n^j^ 

^^^Ij ^ ^ »ij>tJl tSijJb*^! iu^l jJaJl ^ 

«Out8martingMil-F-8785 Ol^^ jJU^ JlS 01^ (Stapleford, 1970) ^^r- ^Ul 
dl U .t 7 Jljjt oUi^S:?!! oUaj^JLb dL>^ ,>^^ .(ASG)» 

.(1973) fbJ (Ashkenas) jlijCilj U1969) fU3 (Chalk) 
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Civil Airworttiiness Reqinremeiits iJJdl L jJLj I jl JlJU) oUku 7-3 
djiiu 4ja^^^M ^ oI^IJaJJ OljJa]| oLL^jj 01* 

SjlJbfJl oLiJa^ J5^j t/* t/^*^' C>\ji^\ 5a>r oLiku« 

o( jLii-l ^ A^L^l («-^ Oi^yt^i oL:>-!A-^j SjlJbjJl (•'i^'^^J '^J^t 

dj^^J .A^^LJl Jo .^11 ^yiVl JLsJl ^ aJJUJI ojlJLijJl oLiial^ 

<^UJI oLlkLvJI jji LL^ ^ Jit c) t^'JuJI 01 4^^L^ j aj,,^^! 

World-Wide Flying Qualities UUJI jl^l j^Ua^ oU^I ^8-3 
Spedfications 

JJb dlS i^JlxJi ^1 Jbu t^JuJI Ol^^l ^ . 1943 ^bJ J jLs^ 

J jjJl ^1 J t jlaS Ji" ^ ajL>«iJl ^1 'Alii *«^^'~' J ' « yLlail ^^.o ./^T iJLip 

^ji^ t(lCAO) ;Jj^^ <^'.riia^* yj>-» ^ tijLotJl 

S jlJLjJl ^ Jj.Ui]| ICAO 8 jiJj Jj>JLJl t5JL>iJuJl 

.(Stmtoii,1996) 4*S!5UI 01 Ja3l ^\ 1 01^*^1 V^'iUj 

i^js^ oLL^I^ ^ t)^ gJaii ,»jilJ» J^-ij JjJJl 



86 



DEFSTANOO- t^^^U- JSLijj .UKDEFSTAN. oljyjJi S^j^j- 
il MIL-F-8785C ^^^\ ^^j*:^ ^1983 ^ Sj^Uil ^970 

.(Cook, 1997) oL.ji*Jl Lfei 

l^ljj .j^liaj^l ^yJUJi Ol^^i O^Lai ^jj^I Sj|JL>Ji oLIkLo jl tBCAR 
ii^T.^oll Ol^rt^^l oLll27. ^ ^ ^^iHJJJ^I ^-^-^1 oSfl 
01 .(JAA) ii^T.Uli 01^1 IM Sj^U^i t(JAR) j] c^jjjVl 
jli jl tj^ljJLuUI SJbHjuJI oL*if^l LajLqJLhj 

01 .ol^UaJl ^ J-Liiij 103j *25 i23 ^21 ►I^^Vlj t(FAR) 

^ FAR Sijl jl\ ^,Sj>^\ j jI ^St.x^ hy^^ Sj|Jb>Jl oLlki/a liK^ 
^ J,h\ JL>JLj i^JLjt^ U^j cJL5 ^1 ^1943 ^UJ v^j^^ ol.lW:. 

.(optimum) JJU^I JbJl oLlkJi 

EquiTaJent System Models jUaJl ^15^1 ^ikJl ^dUJ 9-3 

and Pilot Rating 

1980 ^IjJ t^^^SL-jJl 01^1 Sdj>J MIL-F-8785C U^l^l 

Jjjj*J (functions) ^1 y ol yLkJl A-p-'^L^ c-JtL 

JLi^i c4jJ»U:lo ijJJuj I JLj-o.^ 4iU<5>lj (bare airframe) 

Jj^pdJl ^L) l^^^ AIjIj 0 ^UaJl Ot (j^l ^LjJ t^^l Lff* '^^1 

X»j*A\ yJk <3^j^j (^jJl ^^^"ij^ J-* ^^-L^A <^.>^^ .AJllil 4j^jJLII 

«;iiL5UJI _j t5jL»tjl JSL^JLJ t^JLJLLJl Ji^^l 2:^L*J 

ifcJajVl Jj^p*^ ^iai.w.J ^! iaii ^ (equivalent Systems) 
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fjj^] cJdj Jl 1980 (.U MIL-F-8785C <i-^lj-Jl jl ^v^l AaJ 
iib Ji:^*^ (J-'W^ tft-L*^ jl^^JaJl Sij^ jij^ 

aJLa-cigJl <^Jl<mJ| ^ (A. G. Barnes) J^^jLj ^Li 1950 ^Lp -j^*^' 

1 t^iJjJl ^LJ-Jl ^jJlIjj .oUailJl jl SiLjll JJj^ - J + oljLiVl 
JlSJj .1960 j»U ^ (George E. Cooper) yjS o-^l U-S* tlO ^JL>■ 

_ 3 JiLlJl) ^jU _ ^\Jaa MIL-F-8785C 

(Cooper t(Calspan) jL*JLpj L-LJl iJLS'j aj^U . J ^lJ (_^JlJI t(ll 

.and Harpier, 1969) 
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(^-iVt JaJU 












0 






e 






0 





^_^,Jic a^L^ , jLi-Jt t-iSi-.-a f. Ui 
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iljjb- syU? ^ J-L*iii tifUl J (Harris [etal.], 2000) jULlil > 

Jj 015" t^^^iiUJI JLjJL>Ji ^^-.LiUJIj .(fly by wire) dUL-JL SdLJ 
(Cranfield Aircraft .^SjiLkJI SiLi ^^^aJl „/? V ^ 2?! jJLJJI^ j^LJ-«^» 
4 ^ jL^*yLj r^^JLi-T tCAHQRS jl HandUng Qualities Rating Scale) 

p.^>tlJlj ^ iijjj toLjtj^flj (,<^V>J\ <Sy>J\j tiJjiaJl iS'^^>J| _ J-fl|^ 

S jl ojLiS-l J3 . CAHQRS Jl ois" .W ^LiJl Jb ' yJ^-y.j^ 
Lj>t^S j»j AxS"^^! ^ lfrji>- LajLipL (^^^-IlJI jLl^ a^\jj^\ ^iUjJl ijulL^ 

The Counter Revolution a^LMt S 10-3 

jj Ol^^Jail s^Ua^I oj^i (>» 1980 ^Ijl ^ 

c(USAF) 1797 _ JJli*-. _ Jj>. oJbJLfJl Ujj^l o ^ 1987 ^bIp ^ 

ilJpSfl .J- .01 jJftJl JlSLil ^ JSLiJ ii-J 

LjijLj LijJlJ j_^*-J jy>«J* ,„fi\\ oLL^Ij-oJI 
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^J^l Sd jJbJo oL^jlSCJI cJlS* J .oLi^iAil Jii.Wtij LfS^^f oIpI^ 
jL>uJ\ 01^ . Jb2il S olj2^ fc.tf.:.^7 4iQ...,aLj| (42*JLri]| Lf^ jj^s 
iS"^ (Roger H. Hoh) c yk jj ^ Jil, Lk*j ^ Ol^^^^i 5^ >^ jj ia ^ li 
((David J. Moorhouse) ^ j^jy> 'AJb t ^^^-i-^ c S3 jJLs^JI a-jJi]! ^Uaiil 
.ii-jlj OIjLj* (Robert J. Woodcock) iJj^^jj Ojjjjj Up-^Ij 

^LjJI aj^^I ^ Uj^ MIL-F-8785 ^^^1 a"4V^' ^-JJ ^ 

ti^L-^l J15 <j>r .aJL^jlHj A-Uai-oJl <*pLLvflJl JU^^I Sjl^J 

^ tj-yoi'^l tc^Vl ^ii*Jl |»-^Jaju Li^ij Lijj^* 

jLji^li .^koiil oJLa ^^JLi L^l^j oIj ./ill Jjkt L4J ^1 



Jjy^.Ji 4ajJl2]| ^IjVL Ij ^Jj i^^^SL^I jLxJl Ols'j iJb 
0^JU4*j| J C) jjLkJl l^i^ j>A^ JL3 1930 f L*i :iiJUfl.Ji oLikuJi cJl^ 
^ oJLJ- i^j ^^^^ ^ ^ 3Li--^fLi 

<lsLfll Ajj^i ^ oiUi^i ojj^' '^^j^^ '^^yr .LSii" 

01 ^-gJajl ^ JbJbyJl Jf>Jlj J jl ./Tfl JJ 

jJjj! ^ ^jj jij syUp Jj-^i oVi ^;;SL»-J! ^ *^lj^l 

u^xii jjL^ ^^ijj .SiLdii AjjLjiiiJi UojJi 
^Js' s ^ jjp j-j*ki sj^iDl oU^^miJl j3j jl jLJl j! 

dj-J ^jJ»iJJ .flL>6J*yi ijjlj Ji-*^ ^ CAIjLj ip^j 

jjaj olj*- ii^b J..^>»iii <iL^j ^.Wt...t t v-^i mil-f-8785 ^^,..:s Jl 

^jjt ^ ^ t^t 'J^jJ jjJL* SjjkuJl n-SCi>^ iJLjli 01 
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C^I^'Uail iJajl W ^^^1 ^ 

^ LbJLP (i>l>.y U^Vl Ofl .LjJb tdUlll U^oilt 

!>* 'tHLH^' ^ t47n».»tj ^ Li ^ ^ j4->^ t,»1^iit:.T 

OJLjIj^ t^^J^^i-f^ j-j-^ (Don Berry) 0 jJlI OL^ j 

4jJj l-ui 

buXlj cjii^l ^IjUx^t ^ U^lj ^^LO; ^Uap^j «^JL». aJoj] IbJLia 

kL^:i 4JUj>i^l t mU?... oil p ..2:11 olJUjJ J^^l jj^lali <^ cJUiJ (Gilnith) 

J3 J .aj^>JU T-45A SJbJifJl t-ujJiJi S jSli» J:>-1 « JiLi-»Jl Jj^» ^^Jj 

^^^JLipj IjL^ SijL-l T-45A Jjy pUapI <>*-.^ 
^y^^-^LiJ i-jLjjj»- t (I. Grant Hedrick) dLjJLj-* dJl^ t (William Koven) 
. (Jack E. Linden) t (Joseph R.Chambers) 

Procmement Problems jS'Ult 11-3 

^ OdJ>^ Jl3 Sylk] c)l^;JaJl cJl^ (^^^UJI 

oLs^ jli-Jl J^U" jl MIL-F-8785 ^^^-4^^ cijW*^ y 

olj-5Jl ^ al yL-!Lj| SJLjJbyJl ol ^liaJl J IJLj 4 «^rJ^'*^l ^1 j*. ... ll ^ 

^^^SLoJI c--^ ol ylkJl ^ iJL« aJip 2^liJ)f ^>5L L. JUl 

JSli:di iiJlS' sJa j .^j^^lkJl ^l^i (Jt^ J Jt* j^i ^1 

.ol ylkil J (APjUolJI ^LUl aJjb J» J ^1 ^1 ^ JLolT^^f dUi J (^Ijij 
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ijlJut JjJL»-j iblil>i i^jlJl^ J J-Q-*3I J» ^t-^ c)l 

^ISLiJ (^;.aAJj ^^V' ^'j^^ •((j^'J^H^) i^-'M^ ^{^^J^* 

^ju^ jjLis j.i .^fl^ toi jLi^Ni J 0 yiku ^ .0 ./iTj ^^ijij J-«-*^> 

^L-jj oljil O^JbJ p.| js^^ ^ ( ^tjI-gJi ^1 Jij 01 

ii jjb ^ ^ Vi->»J^I oJ.i.i***Jl T-45A 5JL»^I oL*^ ^ 

T-45A ^^y /^^ji cMj-^^ "^^^ S-3 JUj^y S^Qail 

Variable StabiUty U jji j\ jliJ)i\ Ijt^ o1 ^UJl 12-3 

Airplanes play a Part 

IJLa Ji (Waldemar O. Breuhaus) jUjJlIj 01^ 1946 

vi< ^ptj ^ jA ^ i, (William M. Kauf&nan) OUi ^ ^ 
L.JL1* OUi^ t;-J*J^J^ t/II AiyuJl dlL- . (Breuhaus, 1990) 

iiili o^Lio ti^*^ ..UbLtJ f^^j-^ ^^j^ taJLiLJl ^L?- 

Lfri^ FR-1 S^LU JiJ -ti^Vl c-JUu SJLj-Ij FR-1 OUj 

fj\ Ol ^UaJl aJlA JjJbu ^ JlSj ^^^^^^^ 

jLyi JJj i^biJl ^li^jJl Ja! Olji^l jlr^l ^ sL^^ 

tjj^Tj (Steve Belsley) ^JL-JLu t^jLiJ Uij tOUij^ J15 

(Grumman oIXLa c)Lijj^ SjJlkJI Jjl^ jlj (^;«^t J^j^ 

jl ^^ii-L S Jjl 0 F6F-3 Helleat) 
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^JLoJl ^ JJ>-] (servomotor) ^Lj^ ^JJ^ Jj^j^ ^jJ*:l^\ 

F6F syiyi (aileron) 4:^^^ 43i JLi ^ J«jiJ (B-29 sylkU 

L-u-Luo Ijla .Aa-iLIoJI {3*yjj^fl ijL>eiArfi ^jLpmJI jjjy> ^ 

<j Lj^i Jj ^^-t^^ c (autopilot) ^^^1 ji.LaU 

S^Uail iiJij |iJLi«ji ^ 11* t JjLii ^ .^_^T jLi* SU-i obLS 

Lmo* olS"^ 0^ ZjJcj> F6F-3 V^JLJaJl SyUaJl ^UU 

J /^^ i> ^) oJL?" i^^^ J-^-"-d ^LlaJ ^|JL>cJLwrilj L^j-dJ aJLQ.j><^ jW^^ 

JL5 S^n^*^ F6F-3 2 yliaJl cJl^ 

►Uftiil jS'y. iOLiJl* JLju U-ij OljJaii Ji^j^ NACA/NASA 
ouiL;-j cDERA Jbu ti^SUUl Ol^r^l i~->oj ^ODLR i^^USl 

t,i.k»aJl l^i^JtJ i^li^J tj^JLl^l j^yllojJl vijjJ>tJl j^^^-JL>cJJ tO^J^i^^— 

S ylip ^ JxKJl 01^1 ^^U^ J!L. tS^Sfl ^oUJl CJIS" dUJl^j .oljLlS^Vl 
jt tOji^^^^ lNjaL>J SjJiIaJI 4jL>.i.i^^fl syL^j (TIFS j! tOL^l^ 
.^«^C>b:JI ^^^^^ li^l?- Sj3 jjjj 4JldJ JJUUj (VRA 

Variable-StablUty Airplanes ^^JsU J ^Ua]| 13-3 
as Trainers 

JJb^Ji oiyiy olj^ (j^y^ (^iX>«i]|j jlyLLuii*^! ^ 
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(Brcuhaus) ^j^j^jy, jiJ^ ^i*-^ tjl ^^iLy-MI S^^Jii^i ol ylkJU iiliiMJI 
OLJLp S^Qali Dl^Vl jLi?j ^jluj\ ^Jiip 4 (Gifford Bull) Jjj ij^ifr 0^ 

(_$jLJaJ <j^^j>tJl i^jJuJl ^ p-LsApI ^ ^ijJb t jl ^^il*-'*^! S^;^*^ B-26 

oljLi^l ^^-H Jt*--^ cjl-^^Lj aiy>'^\ B-26 syiyi cJl5j 

j-Ui3i ujJi oi^i Ji*^ ij^i 

Jiij ojlj Uj ^jJ^^ iJlijT 

^ij^j C^^^ -rf^' J * 4/^ tijW^' <iW— 

j^jLJail jj,aj>t^ ijjj>tj| Sjjiil i-w-jJLi j^^JLp 

^jL^ .24S jI^ Learjet ^;^-^liaiL LsL^ B-26C UjJLjiil 

^;^Lkj|j ^J^i^\j t^JLiJl 4000 i-jjlij L. OlS" 1989 

olyli? flJLiJLw-*^ oj^l oL^Uflj)!! jl oUJUiiL Ijdjj FAA J ^.Ji3L*j| 

.jl yLu-*yi ojJiL. B-26C S jSiyi J c^j^ 

(Grumman Gulf Stream G-2) ^^^i^i^uU ji» cjLij^ S^LkJl L^LJI cujbJL^^i^I 

c-.4jJLLj ^L-iJJ (high drag configuration) j^i CriJ-^ 3'-r^ 

.^jS 30000 j^ljs- ^lijjl ^ Ijlj tijiil tg^l 

TheFntuieof variablfi- j\ jliJ^\ 'ijt^ J.S? « 14-3 

Stability Airplanes 

tiJLiS'NRCj tDERAj tOL-Jl^j tL-ljJl iJlS'j ^ ^;^JLLfJLJ 
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oLjj7... o ij t (Dutch roll) SjjLu-U a-^JUJI ajlj^^I ajJIjia*^! ^5" y>xl] 

ol ^OJI OJL5 Ujj .Ja^ 3 j^UJl oLjU: ILS jSfl i^OkJ S^l 

A^LnSfl SJbJL»Jl ol jSl^l c)l^;^ ^jij^-.^'^" a iZJ ji j JS j\ jjal^')i\ "ij^J^ 

X-15 J-dj-^jjj t(ConvourB-58 Hustler) tB-58 j^jUl— JJL^ 
A-12jl^^j t t^jlJuJl ,^ a II *1 J tB-1 tXB-70j (Rockwell X-15) 
kUh>^ ^j^La Qj[±j>j t (Grumman X-29 A) tX-29A d^jj^j F-117Aj 
. jJL>ii]L oJbJL^I ol jSLk3l oJla ^j2S « y ..A^^t ^jj^ ^ ^ jSlUI j 

SaUJ o,U7... Jl (Total In-FTight Simulator) tTIFS syLkJI c^*L^ 
.(12-3 JiLtJl) W .ilU tC-113B JiJi sylis iu-JLiA 

(Jj^ iiLi^l ajJjiiL TIFS SyLiail Ij-^JJ cjl;..-lli=' j.^.l'.^a Ol^j 
^ 01 ^;*^l '^Ijl-j^l l*-^ '^.r^ •^^J^ 6 -J i-L^-L^Lljij^^ 

OL-Sfi AP^^*^ p^:>^i 4^ Ulu isyiyi .^t ^iioVi jLyi s 

oIa JU* 30 (J\j»^, .tjfaljJl jUaJl (^) S ^ ^ 

^Jji '^y^ kd\j^\ ilj»«J c)^ [^jJojuij .0 

il>^ UJ^j T-33 jl ^^*VI S^^^ S yLkU Uut. <-^UJl ol ^OJI 
cdUJl^ .oSfl 1^ Jl d\j^ 8000 ^ 

^IS A^j tDLR jUVl s^Uaiil <J iiil jl^^^yi 5^,JiI>. olyQail ^ 

a ^Ua] ijjJU 01^*^ j».^>«J jj^l ^ Ji^^*«^ ATTAS ^J*>^\ d\j^\ ^^S'Utjo 

.J*li. U10» oli ^IjA U;27...,ll J2ij| 
ij_JaJI ^ J Ig: 1 ] JL?-jJ ^^'j-^l J-^?"^' (>° f-^-r^' 

.aJbJb*- 2 ^lis ^jia^ i-iJLlA jl ^^iLu-*^l S^,JiI>q oI ^Uail 4*Ljfe*-uJl 
JLpI^ ol ^jj.. Aj[^j <^JL>cj ^ aJU^I 4j^^ji^I A^Li^fl 4.^ijJl 

^^^1 Ol^l V^IjJI 5^iUi3l J*5*i3 iijj^lj **-iyi oLUJi 

^5SL-ii.ij^.>ii oLUJi jipiyj Ajiu% iJijlj jLi*Ji 

aJL^ aJUJI oLkjcJl JLpI^ (^4^ .ol^yJ>i^l Sajlmi^ 
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JI^I^QaJL <jjU» tL^ 4JL>e^( oLS'Ut-<Jl Jl:>-I ^ 4JLs^tl>« J 




SyU ^ ' ( >^ l/^) tips jI ^'bfl Sy*Uaj| 12 _ 3 JSUJI 

PhilUps, :jy)a*J^.SjSj yiL»^jJUJjSS/lkJl^jku-J .C-113B^^ j^-'^^ 
.{Journal of Guidance, Control, and Dynamics, July- August 1989 



jl ^fti^l jULai sL5'L>wo XAj^ j^ii^ 1 ^ Kj t JLil ^1 w-*Jr 4 (displays) 
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0^ jLkit olpjLdD A^^lj^li (Jb>lj l)T ^ ^U^f 

J5Liu U^lJLcJ ^^^^ c^Ls^I ^IjVIj jUJl 

Jbu ^^ij ^ calS'Lp^Jl IjLJ LoJLLp L^L5'L>t^ il 0 ^Lkil <S^jj^ t/*^ 

t^jlJLJl ^Ufliil SL^UmJ SJLip 105 Ol^^Jaii VRA 

JiJL . (Stengel, 1979) W aJLp (yaw) ^1 y6\ h jlj Is^j^ ^\jJ^{j^ 

.TIPS SjSlkJi j^. s^UJi iJLfJij vJ^^' 

LfLl*J j;;^*J iSjJbJl ol ^UaJl eiLiil Ijy^kit Oli j-**^l 

ol^jUli ^^^SUj dlJI^ jSl oL^UcJI L. Jb- Jl 
. (projection systems) i»L5—^l 4-«JaJt jJLLo tJJL»»j Uiul 

JU> 4JLijjill Olj^iail ol^*j>i ^L*iJl ^ j! oVjl:;iil ^2;- (, j\ ycJ^\ 

^ Ij^y^ 1963 f >J ^ (Bdsley) ^JLJLj cJj 
4ia SJSli (1963) ^jLj (1985) Jb-SLil ^ ^J^^^f ^^j .JW«Jl 

( ad ^^1 ^ il jl Jl* ^uJU^t oL-Iji itf J jLs^ ^jijj tJl crttM 
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jb>Ji ^ ^ jiSfi ^ 

^jjiM:^ J izj\ ^ly I ^ if^ oi jsUftJi ^ J^J^\ ^3-^*^1 

4P ^jwlffull aa^I ci^l (pb/2V J jLx4 

.0 yllftJl 4P JLlP ^^^^ yj i^jlpL,^ La JlP ^jJI 

t^jLJ* Jil (^ji S^^JLstfJI ol yUftJI jjLJ» jL:^ Sjj« 

Ol ^Lkll ^ ^^lSjIj ^^Liail C)l ^^.La ,j/!tUi4j ol yLkJI 

lj\]a^\ JiUJ :ijL>J( aIa J-^j .^i JiJ V t^yiJl jLiaii .wii:i]| 

J\ sylWi Jv2i5 ^j*^! a^r^-il^ ^'^ 

Ljj>- j^e^ (jf JlJI (aileron) i:>- ^jJI iii ^1 Jbu <-jSLf) aj>- ^3 

.SjSUa]| j,L>»:»- SiLjj Jbjjj tjJlpbU LoUaj 

:a]UJl aJub (1991) (W. O. Breuhaus) ^jUj^ 

BdJbK4 ^ jAu aA» ^Mdb f^^, ^ji-^ Ci^ 

Jj B-26 jl jJLu-'yi 8^->-* ^1 ^5JL>.j cuJir . . S ^Lb 

C)! JJ C-5A S ^UiiJ ^Jjl Cj\y^ Sl^'U^ 

Jit 2>>^ CjUku cuiAi JlS c«1jL:i3i>VI gSl::: cuil^j .Ujlii 

(S^^^l^ UJbJL^ PfjJ^^ Ji ^\ ^ C-5A t ^liaJLi sja 
.S ^UaJI jJk; JULP gSkuJI aJU ^ J2».:I1 |H jlS 

oLS'UJIj ijjU- jl ol ylkU LljJI 01 

^ .aLL^ LfLo J^J i^JtiLuJl JLi Jljj ^f (SyUajl Ol^;^^ J^^ 
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t(Northrop B-2) t B-2 i-^j^j^ S yLUl JL» tol ^UaJl jji SJbJL;- ^ jjI ^jJa:J 
-L-^j^l oL^L>-Jl 0^ .(Bomg777) t777 S^QaJlj 

( LS^ ^4JJ a ^^^JlIjb a ^UaJl oLS^Ls*^ <-^J-^ L5^ * <Jlj— 

|iLp (Gawron and Reynolds) jJ j^^j d jjj^ J-^i ^ mJjLij ^ 

<j^jJlia>o L^l jJLj i^j^ 5 <jjLi» Oii?-Lj| OIIa JLiij . 1995 

jtj.'^.,<i7< JLbj iiUS Jlli J5 ^idt ^ ( c)ljiUl j^I^^mJ 

.YF-17j YF-16 oljSlWl i»j*A jA ^yJ, ^$ JLaI^LIj 

VISTA/F-16D jl ^ j\ jkLJ)l\ IjJcj, S jSli» cJlLi Jl5 ;uj>Jl S^l cJl^ 
JUj ^UJI S^^l j^^^l^ Ojii-t^ (jirHJJJ^' ^ t(13-3 J^l) 
jt t (fly by wire) .iULJLj SiLLjl 5^lkJ( 1 jl^L tJU ^jj 

Ol^^l ^ jW^^^I o^*^ (Eurofighter) ilrLLJl 

ijj JLj 1993 |iU ^ (Shafer) yLi Ol^j .(EAP) S^UaJl g^LS^ 

S^^JiIji sylkJI o^Lx-iJ ^liJ Lu-UI iJlS'j Olj-JaJI ti'^^^ti t)JbljA 

The V/STOL Case j] ^^^1 15 _ 3 

ocu-l J oLjK..)! cIa Uikl c-*^ J^Liuo (V/STOL) ^^ij-^l jl 

(tilt rotor) JsLJl ^^Li ^1 : SJil j oL;2i o'^i j^^ii*- IjJLaL- jLH j .a-^^ j 
^jLJI oLi^j (vectored thrust) ^JlII j tfliftfaJi) ^j^' o^^jj 

4JLjjt-^ J j-i-JtiJ JjL* jj-L» j-1 jj^^Jl ^LJi^t J (blown flaps) 

. (convertible rotor) 

MIL- ,j-4^^ t V/STOL olyUftJl Olj^l* Sij^ OjJL^lj C4^JL>.5]| 
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fyji ^ijl) . F-16D i^^U^b Jl^^ I J\k \^\J j\ jkJ^\ Ijtku t 

^(Aerospace America, Deoember 1993 



^^^^1 ^ fpijb tijk^^ *iJLit MIL-F.83300 jj; jlU 

jJaJ il*5>. Vcon MiJLJULlI ip^l Jl SJiJp 35 iiP^I j * SJL5p 35 
c.*./>j JLflj .Vcon ijji oUj—Jl ^ t Aj.L,l2:li ol^^l oLiiai^ 
J^I jl iljl! J-«^ ikSJ J IjJl^\ oLjI ^^k*>*^l y LoJ oLikuJl 

^ MIL-F-8785 ^^..^a oil o ^Ljl JSLJlJI V/STOL ol^^UJl ^ S^,^Jl-^I 
^^L>fcJl ^Jif»ilj j^iJbJl f-jsj^^i ^tS^^ ij*,^^! jl iJ^^*iJl AjJLpJi 

dU; a^JL^il as>JI oLiku dliJu .^IkJl oVdbM jji^- 
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(yaw) ^l^j ^ (roll angel) ^^JlJI 

(damping) JL«U^I j (period) jjJlJI oLJUaJLo j^- 1^" jj^ JLjJjtjJI 
L,ibJI isLjSfl ^jU: .^..--^^ V/STOL ol^^LkJI oLT^ jjJ^ ojJLJI 

ol^LkJJ ^ j}\ ^ Ijl Jl>-1 j^j-fti .|JL>- L^ai^JwJl oLp^j-«J| JLLP iL5'^^;>JLI 
JLlP (Ju5jiil) AlJaJlj ijc.^! 4J_^| SjjljXA*^! CJ\S j>J\ ikjl STOL 
JiL^J L«JLi^ t (equilibrium weight coefficient) Cwc ^LiCjuJl jjjJl J^L»o» 
aJUJI ^rAj .(14-3 Jl^LUI) Jl-L^J 3.5 aiuJ 

(a ^t^ft-il j^) iLJjjlpJl iS'^^jsJl Ja-ftjJ (_^j-5l C-jLiJl <-^J^l ^^-tr^ '^LsJ' 




jJ-\ a}2^] ^jLau . STOL ^y^y .L-LoJt J^U 14 _ 3 JXjlII 

. (Etkin, Dynamics of Atmospheric Flight, 1972) 6 js^\ Sla-.)^ 



V/STOL ol^LkU jl^l 5j yr oULki* ^LUl USCJL* jl 
tl*^ tMIL-F-83300 ^J.JI c^^I Sj^ ^ JL5LiVl ^ 
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,j\ ja:,M*)l\ a jJdji ol jSiyi J oL^UmJI SJpL«y»j ^ ^^t^' <-)l 

(Robert K. ^JlLa ^^jj (Samuel J. Craig) dL^ Jj>"U«» OlS" 4 1973 ^Ip 
jljcJi J-uo jj3 tjLliS'l ^ jVl ^UmJI j Jji^l UJLii^l JlS Hefiley) 
(Craig and tSTOL olyLkU oLjUj (thrust vector) ^jlJI 

.Heffley, 1973) 

a983j 1982 ;LoJLLJ| oVLiJi cJ^-V cJj ^yj 
Si ^ oU--gjJ ^ (M. B, Tischler) j^LJLJ j c J^.tT^a JLil^ j V^ JJ <>" 
STOL ^,-5:^1 J VTOL ^1 JUiJNl o^fU ^ 01,^1 

^ j£> ^ (pitch) j|JL»»j*ifl /jl ...tII 4j jIjj <jJLi ^-SCfl^iJl ol IJj J-aJ .i» 

(flare control) j^laJl ^,JL>tJ 4 Lo tS^^^I il?-^ 

^yu* ^ ^^-LxS" JLjj»" Jjj ^ <JLJLJ| oJL* (i^UiJ ^ J . STOL ol 
^ n ,/t n\\ (Anon, 1987) (Standard and Handbook) J-JjiJij MIL ^3... .t^i 

. (Hoh, 1987) tSTOL ol ^IWI 

4^1 jjJl iJU- ^UoJl ^^1 I^^-laS" ULijI t^.liaTji Aj] jJLj j^JLlI jli»*3l 

J-ju .Jj>il ^ ^^Jj^ <J^ KGlauert, 1937;Coyle, 1996) 4*iL>Jl 

oUjL ^li ^1 j^yij ^ y (vortex rings) 4*ii»JI oUI jjJI 

^JjLJi ^ "J^H^j tT'^j LjJ (helicopters) oLoljj^l p-bl 
JL^> 4JiJL>JI oljjJl Ol JLii*j 01^ tV-22 t^^jl o^Uai u^--^-^^* 

LjJi^ a jJa^-Jl *^ ^ jJjj j^^^li jJl 'Ji-p-l 

. (Unrecoverable) 

^Llu» BAE J DERA Jl Lji^^iuj ^1 ljJ^\ cJl^ 

CjI^I ^Ji^) VAACj ^^jU ol^^LLJl ^1 Oili Jj V/STOL ol ^LkJl 
(1996) (Shank) ^Li ^ diSj .(,^^>:il ^JlJI oli S^LUJ ^.iStJI 
il^l J JLJa3 a I Ufl^ L.JI* JL3 (2000) (Fielding) ^JlJLi j 

(conscious mode changing) JUjiiUi -WJI iJljJ j^^-«S ^1 IjlJI 

V/STOL ol yUaJl ci.^^^] il*^ ' jW^^ -i*^! t> t^' i-^.g-^i 
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aJIj il^^wj 4j>«^ tiliiS' ^iilaT...* 4jJLJL2j oI ^ 

i.jL.^ ji] (closed-loop analysis) ^iiitJl a^UJI JJb»J 
(bandwidth) JLj^Jl ^ ^ JJLo ^Lkll* (propulsion) ^jJl |iLiaJ cj\}^ 

.(response linearity) l^^^j 

iZJjij jS (t)jj-ij»Jlj J >/7a\\) laJL»Jl j^r*-^ jW^' ^tr-^ cJlS" 

ol^Lkllj STOL ol^Qaii OI^^Ail Sij^ oI.IWt. S^^xijJ. oUaLw^ 
ikjj jjo LjJj^ ^JLp . ... 1 ^J^Li- J^-i^ LT* *^ J • VTOL 

Two Famous Airplaines C^*JJ%^ jbjSlb 16-3 

^JLjLLqJLJ (J^W^ (/^^ 1^ NACA C^jali 

^ DC-3 ^rli^ji Jiiil S^LkJj 1942 (Supermarine Spitfire VA) 
J^JLj c^JL?"j i'Oj^ t g .^•^ ^ Ji oly liail oJLa cJlS'j .1953 

Lj-J (jJLjtiilj 4.jj>«-«J( ^ ^jj <*^L«Jl c-j^^^l ^ ^^j^S* 

j\j2i^'^\j ,^{J^\ ^ 5JL>«J| 

J^r! ^ (elevator) ^ ^1 iijJ ij^^ikJI LI ^yi LS 
t4ijli!l UojJl jl -J j\ j2:««i*yi ^ ^/^^ L^*^ .<iJLi><^ oLpj^ 

. (stick-fixed stability) 

iiU- ^ iaii a ^2?... a DC-3 a ^Lkil tJlJl^ LgJL-j .QIj^Wll ^^J-^ (ji^ 

^ (cruise power) i-Jljiaiil ip^^l jli* jt iS^^*tj« OjJU ^^^l^^l jIjl^J*^! 

ijji ^ l-JLj*- Jl Li:>- ta^Lkil c^fl-iJl LoiS" Ji*-Sfl Jl iii 

liUi . Jt-^l J NACA Jl Sj^JLJI J j\ jrii-*:/! oLL^I^ 
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5 '^ 40 




jam 




<9c? /(i^^;! /eo 140 160 m 



Jjbw JULP J^^l ^^>JI jl f JlP DC-3 I ylkll uw- 15 _ 3 JSCjLJI 

^U^;;- 7.25.5 JL*jJpj2iJl^^^^j t^j^l JiUill tiJ^lipLku-*^ 

.(Assadourian and Harper, NACA TN 3088, 1953 : ^) UliLI ^b^i j 

oLJLkjLo ^^j^ jJ otjji ^Jl4j *y (Ijl DC-3 J jJJll>^ ij^^ 

jkL^ ^ ^LkJl Ills' cJLS' jJ <bl jiil J jijt<Jl '^^^ j?^' oLi-^l 

^ 27 Lg-*ji 4j>-L«»>i t<*^ljtJl (^_;>JI ^ (spitfire mark 22) 
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J LSUa^I 4.«^»ije i^jL>ej ^^^JLp Li^Jjb IjJU>J« Ijt ^ Lf^^^ ^^'^^ -J^ 

.DC-3j jjUl^ ^jSlkjl Jl9> US' (4»M^I^I oUtfiliJl ^ 
Changing Military 0^^^^ 

ci'UkLA ^ 4j^SL^1 ^\ 17-3 
Missions and Flying Qualities Requitments 

(General Aviation) ^LJl ^ 

^JLp*i*-J LgJii ol ^liail oJLa j^r^^ (civil transport) iJJuJi J-SJI ol ^^iaij 

: JbJl ji J ilLol ixjjl J j\ j5lu-MI js^ oLl^ Cy* 

UJj iA4D-l syiyi .(SkyhawkA4D-l) tA4D-l iJ^ ^^^1 
lfLgj»> ells' ^1 (SJb>l J S^;««5' aJLJ J.«j>J C..»-w» cJl^ (A-4 Jbu 

0 ^ ^L-SfL jlS S yLUl dJl^j .iulil JUJI ^L-i)f 

. (cross wind) a-JU- <^ t (air strip) la*--j 

j! J^j-a^Lj LoJLLP a^Lki) 4^^^^ <AAjL>BJl JjL>bj (Ja^l oijLju 

fjifi i^js^jjJ\ (spoilers) ^1^1 \^ .(aileron) ^-^jJl ojJ 
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^ SiLj Jl s ylU3 AiUiJi J ^li>Jl 
L^-L^ S^LLJl oJLa otjb . (Stratojet B-47) cB-47 cu^^l^ S^lkll 

(loft bombing missions) t^UJI *Ju^\ t^JLkij .i^UJI *,a./i5li oU^jb 
.(^^^i^ oIp^^ (roll) ^ (puUup) j_^Lajj*Vl ^1 

oL>e-JL:>- jj3 4;>- olia ^ ojJl aS y>- (reversing) oL>Jl ^j-*^ 

8Uj*yi <-^^ fJi*^ Jit^ t(tabs) Ja*va]| 

01 ^,Jaii B-47 0 j-o^Jl AP^I 0 yfclla3l oJA 03Jb- Jli3 .l^lli ^jJl 

^•^L- ^Uii Jv»SfL F-4 .(F-4 Phantom) cF-4 S^UaJl 

SjSlla3l oJb^I^I oL^jU cJ^jc^ c)t Jbuj tol»^J| 

iiL^l i. J>-\ij» 'L?^ iij^ iljLifli' ^liLi ^ A>oJb>Jl ^ F-4 

ilUij (leading edge slats) ^Lij>JLJ iiUJU (oIjJ) i-JLj)Lijij^l 

.(NC-13013 Hercules) ^NC-130B ^jSj^ S^Lkll 
42^1 ^LiiJu OijJ Jij tC-130STOL syLkJ ^jSfl ^^ij-jJl ^ 

ij;>-jUJl ijS^I oUIji- J|JLL-i| ^ ol 'Aju . (boundary layer control) Swl^ 
p\ OIj^ j^J^ YJ56-A-6 ^^jj 0 ^j— Jl oIS'^^^mj ^li^^l J* 

is* 4-L^-uobj3 ^ 4-jLJLqjJI oLp^^I jlip C-130 

(Dutch roll) ojjjt-gJl ijLjj— Jl <j3ljiA*yi Aj>-^JLil jybJLiil jl <*^L>JI 

.4] jji- oljjLw.ua 4^ ^1 

CJLS'j .oLjL^<L>Ji ^ ijt^ fj/* <(|iJal!l 4^JLLA> cJlS' 



106 



[m» J*jii] h jij^ ^ Ji ^jJlj Vd"^' U^^J olyiiiil 

(Edward H. 0U.:.» ajIjaI ^ .Ijl^ ^Lf>i ^^l^j cj^l^ 

jjjSfl oij OL^j .iilijj I Jlij» (jjycJl aj^^^I oI ^ o Heinemann) 

Long-Lived Jb^l ^1 pJi^EiJIj j\ yLu-*^! 18-3 

Stability and Central Myths 

^^Tj t(R.RGilruth) ^jjL^j t(S.B Gates) ^yLJ> oijUJl 

oULi)fl oJub ^ 15 J^. L. (1995) (Dr. John C. Gibson) dj ■■■;:r 
: IfJU ad jl ji\ ol>oi>t^sia^l J jI« AfiL^l 15^0 La ^ 

.^^^1 jl ^^Vl ^ yj: (cp) ^Ll>J| JftA-^ _^y> 
ttiuJL>Jl ^»J^P«lJlj jl jJalA-iNl oLL-j- ^ cp ^Ll>J| Jax^ ^ jA ^ ^j,AL9*lj| 

^ : ^t^^^>T^^ . jl 1^ ^^itf Jl k^JLII ^t^oL^ ^^^^M*^ jilg<a 

.0 ^Lkit ^ j-><-* ^tuO jt^^ ^ c-JJLH ^J-L,«j>tj j^^^Jtj J^L^ ^ jl j-fliA^*yi ^ 

CJW La 

jjI t^^li^l c)Lj»- jLj j^lii-Jl (^Jlil ^tla**i J**»«J 

.^dLJl ^klJl (^Ijil J^^Oil^l ^ ALililla ^ 



107 



OL^Jjj-* [fljfl? ... o !|] o(jjLiaJl ...» tOj— ^-j^ <-Jj-2j ila^ jj>«J jt 

SjjLiJl aJLp cJlS* (Tempest) c t (Typhoon) dj^A^j t (Hurricane) 

L. JLp j^^jO^-iU 1995 ^ 0^^-^ iiU- J\ t^jUU 
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Power Effects on Stability and Control 

^ cLUJ 1945 _ 1939 i^-JUil v c^lj; JUU 

iljlLo J .4^..m1 ^( ^,^>el]| J j\ JkLJ^\ il^JLo IajLipL I ol^jb 

c^p^l jlaJ .i-iS j-Jl lJub (Grumman) b^jji- 4*i>Jl dUj ^>>i^l 

iai- ajU^ (F4F Wildcat) tF4F oL^JlL j S yliail ^ i-^LxJl ^ ^1 

. (F8F Bearcat) tF8F ol^^ 5 ^Lk]| J^l ^ vi^l j 4j^I ^ 6j\ 

S ^ JjLw OlS" ^ J t iljUl>« yliajl j^Lf! 4*:;- jUJi aLjuVI tJlJl^ Ji] 

. F4F S jjUaJJ liUas- 1350 _j ^jjH. tOL^ 2400 JJ L jL^ F8F S jJlWl ^ 

^ U^-Ij ^ v-iS ^1 ji ^^fi ^jW^Li ij^^i 

^ uiJli' t ^^-jUil bJu o^Hy^ LLjMil <3__jS <— ^ 

^1 Olj-j^l •Jl* ^J^tJt»^ .ILSt&ll V^UII yj»Jt C/iiiiSii 

ol ^uji ^ ji ^^*yi oi^'bj ii ^ ^1 tUuj 
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PropeUer Effect on j\ ^^Ai-y-*^! ^ ^1 ol^b 1-4 

Stability and Control 

jJLvaJl col kiJl^ (Cal Tech) ^ilJ Jl^ SijL-1 Jb-^ a*5| j 

dLJ Jl^ ol jl OlSyL* 4]U* OJIL-I JL5] .(Millikan, 1940) 
fjjl OlS" . (GALCIT) OljJaJJ j^l^ip 4P^I ^Jaa»MlJ> ^1 jiJi 

Jbu «JbJL>Jl S yUaJl ^iUJ I J ^^lil ol^ J Jilii ^Ll2j| 

Az ^1 o(jLii-^fl fJ>U)f oLiiJlj (hardware) JU.UJI 0Li3l 

Ji-b L^*-^ y ;>^-*d ^^^rJ^ y jt*-*^ jloUJI OL^^I 

oli oJub -LsLj,;^^! olS*^^! cJlS" .(1-4 JSLsJI) 5^^^ii«Jl ^j*^^! cL-^l 
(N.P.L ^ LJlkj^ ^ «>^^^jj c« • JLjj SjJLjj 

.(Relf, 1922) ^1 ^1 Jiill ^aUj ^.^,^7. ^jJb t:u»li ^^tSCj j 

JLLP cJl^ jr^>*^' o^^J cjii^ (slipstream) OIj^^I jLj Ijlaj 
aJLJI ol ^^1 .AJli ^li ^1 ^ Jp ^\ |»j^lj ^Ij 4^1 ^*iflj 



. Ipl?- S jSlUl oJlLi ^ ^ jj j\ t\ J4JI t„.>....) SJcfi SL^ J j\ propeller ^1 (•) 
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S jjA 18000 JL^ UL^ 12 Jl 5 olS" ^1 aJlA :t^Lku-l .S jJLaIIj ^^I ^iUJ 
. (Millilcan, Journal oftfm Aeronautical Science, January 1940) . ^UUMJI 



Birect-Thnist Moments in j\>X>$j)t\ / jJLoll ^Ul ^oJl ^ 2 • 4 



Pitch 



jj>^ Ji->1 0 ^UaJl Ji^ jS"^ ^ j! J . (throttle fixed) aijI^ i^ij iiip <>*ii 
oJla ^^..r^ ..r^-^^-"*^ /(J^^-^ I j-^ ^ (^^^ '^^^ <^ ^ 

UJ olJ Jip Jil jl ^jJi iiiU^^ 
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(nose JjL-I ^ J^J ^ o ^ j^?^ 

.oU-jd ^-4^ down) 

^LIjULa (^"j^ ii^p^J (OL^ 1900) S^^l cJl^ JLi3 

v:u*.^Ij 1942 ^ cuJL^Ij ^1 t(Helldiver) (CurtissSB2C) 

tSJb*i^t y ^.r*^' ^ -^^^ e^Lfl^* oli I j^iut 

.JIp^SU ijiji C*j-J£J SB2C S jSlWl 

t>t^i^ ij^ Ji-Sll ijj'i^ tT'^-P' '-r^ jW^' 

0^ ^NACA ^ ^_^T OI^;;ia^l ij^^^ (i^l Oi^""^ 

OK J . (Goett and Delany, 1944) tSB2C jl ^1 ^ SUU^ J jSfl 

^ a ^Uaj( jS^ ^) 4jiL>Jl ^iailil JkL^ ^ 

jJL-lJl JIP j^y^ljJij^^fl Ja**»j2>B y.lO Jl^pH (jbUt/i jl^^ial*-! 

iiLoJ t^JLJ jlyLL-*^! JLiiil 11* i,a.;./i7 ^.Jj .OUoj- 2100 

OlS" ^(fjLjl t l^-i j\j2iJ)l\ OlS'j .SB2C syLi2il ^ 

lJuk JU> tyl^ olyLiajl ^ SB2C ol yiyi I 

oJlS'j . (North American SNJ Texan) OL--^ S ^U? *.X4> 5 ^L-» jl 

.^L?- ^ UyiL^ aJU SjJLS oli o^Lis Jjl iiji>Jl ^ ^ SB2C S^UaJl 

01 1^; ... t 0^^_j_>«Jl j-Q-J JLp 0 jjLJaJl p-^f J-A ^ 

^J^*^J cf'^ S^Uail <P j-u- |» >la;7 <jjjt-i^ ^ j^^LjtLi t^j-«*Jl ^^jJail jljiLu-Nl 

ykj toljSlWl *L,[^ Jfi o^l Js-I^ ^LJ! OjljJl Jr^U- OjL* 

C)l^;Ail i,ljjs^\ ^^um <ijLl» ^ SB2C syLkll ^lij 
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S^LkJLi IJj-JIj OjJLj i^S SjLp ^^i* l^^idl Ji (Bureau of Aeronautics) 

^j^U J\ y» C^ji^ CJI^ SB2C S yUaJl ^^Jaj 

ol itj^ j\ SiLijJ \jL>-^ ^JL^iJLu-l JLi J^U-JI IJLa c J-Lu-'bU 

oLS'^j (Grumman F6F Hellcat) oLSULa jji-j (AD Skyraider) jJbl j 

. Ji-.Sfl aisU oL-li^ (F8F Bearcat) 

Direct-Thrust Momentdn Yaw ^ ^ ^Ul ^ jJl 3 - 4 

f (J-**^^ *^ ' SjJLdil ^jJalj olS" ^^^t-gJl J-«-*^ LbJUL^j 

B-29 Ol yUail t^jJ .LjjI^ JL*-lj i3 J-li JLlP ^1 yu*^! ^JP 

01 jji '<^l >^ ^'J^ JjUIj I jjjt-iu ot 0 jJLj ^n^.k (cruise) 

iJL^ JSLlu UU ^>hV^' Lf^^l 01^ JLiij .(windmiUing) 

ol^-*!ifL IfdL^^ sylWl fUj-J Jfi ilaiU^ij 

;ij*Uiii jiiii 5 jUff jLu d\ uu- aSjJ, ^ ..„^7ii ^iOij .^.lu?. 

.777j *757j 737 ^.jJl ol iiJJl ^ IJaj -Os^^^-Jl 

World Warn Twin- 6 Ub^ UUJt ^ ^1 oii^U 4-4 

Engine Bombers 

( (Martin B-26 Marauder) B-26 j^jjU ^;yjL» S^lWl^ tSjJiiil iJUj ^j>^\ 
(A-26 tA-26 jiUUlj ( (Douglas A-20 Havoc) tA-20 i3j-*Ljk (^"iLJ^jdj 
jLj-Ij i5^H" <^!r» .(B-25 Mitchell) tB-25 J 7 ■ * j ilnvader) 
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j^SL^Lui j^^l ^ .^,^7)1 ; L c-«iLi: JLi cJl^ B-26 J B-25 Jl ji> 
L^dMiuB tjjLuJI flL>tj*yij L*jL-u8 ^ LjiLdjLj S^UaJi ^jl^^j .^^^i^j ^'-^^ 

l^U- ^ jt ^^iiaj I^JLr^bjj oUbj^^I Aid ^ J^3^ tl«^ 

.ijjijjl iJLJLi (bank) iiUJ jl U ^ytii- 6^ ^ ^dVl jl>JI \ ^ 27 
jLipVI ^^^^ JL^-Sfl ^ |i^UJl J^Lnil oJlil ^j^jJl t^s^j 

U-Ll« 01^ JNjjI ajjIjj (float) ^^ikJl ^ oLfJVI iii ^ jl ^JfiLJ^ b\ 
iiJlJ j^iLu«Ljd j^)fl Ojl ^1 aU-il cjL**- oI yUail «jL* ^3 « « .,41 ■ 1 

JJLLqj (rudder horn balances) oL>tj*yi <ii oUjlj^ Ojy ivU- .oUJ^fl 

eJlA oUj*yi oUjI ^ Ojy CU>»JLiJLu-l JlS] .(2-4 J^LlJl) dUS 

(Bleriot ^Lij>JI S'J^p- j t^* ^ tj-^ ^ ^^-^ 

^^jLo ^ ; ^ < (^jJ i-iJ^V jl ^-Ht*^ Oj-;JLp| Lg^j j_jJlJI c monoplane) 
AiiUJ 4JKj>1j dj\ j-Jl Uajl jj^l OlS'j .(^^J^J 

.o^ljLJLi syUAil SjdLnja |iJLk!l jjS \h\ aUaaJI JL^ 
^ ^jlJI iJU 6 i-JLij* B-26 1 B-25 tA-26 tA-20 ol ^LkJl cu^jLi 
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. B-26 jdjjL. jjJjU f yUdl 4i cjaj:, ,,^t4^l •W^'^l iiJlJ Oji^ 6^ 2 _ 4 jSLiJI 

i^^l i^^l ^ 108769 Ij^) .^U;)fl ^ lJu ^ 

.(1942 



Modern Light Airplanes ^1 "^H^^ "^^^ 

(Aero Commander 520) ^0 jjJU^j^I I^Lkil *:#l^lJaJl Jjb Jj! cJl5 
cJU-al yL^I jl Jbu .LJ j>iJl^ t ^ ^ iijJL. 1950 (ADE) 
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t(50 Twin Bonanza) ^"Lj* 50 jj ^ (Beech) Jtij 

jjiU Jbu U*i ^jXJL) d j—V- i3 ^;»-JI jjSLj PA-23 Lf^ri j-oJ (Piper) ^ 
ol ^Li2il oljj its' .ii^^^i^l ^li! 310 L^ij-Ju 1:.....^ J ^((Apache) 

i-^UJi Ajs'iLJl cj*^L>^ J-^^ ^ toLiJUJLlI J^ljl <-iUS 

AOPA Pilot ^ bji Jl-5i t I^-a ii^p^l <-JLu ii^^l>Jl olyLkJL 

^ ^1 oUjjl V-^ (Barry Schiff) .JuJ^ ^jl cl983 ^^^/^yliil dy^ 

4fl»-j»-JLj|j ^ t^.laa LUt-^i i^lS" iLiS 01^;^ oLpL- A-/»UJ| 

T- syOaJlj (Beech 95 Travelair) c95 ^^ly ^ij-<J 01 

Jbt-i .J-*aj9- LLp aJL^ ilLol ^ t^LP A.a.:„.t-LH aJLJI ^jJI a ji oli 42A 
JL?-I a ji JLSi ij»j>ti-«Jl ^ jj1j>J| jL>jJ*yi vlJil jj- ^ JbJbJl 

jUail 9jJ ii*^ (S^Lll4 S^Lli^ ij3 ^y^y, (T-42A SjSUaJl 

t (symmetric stall) ^liiJI JLi* (<irop) JjUjw 

^uJi iJL* jlp (faa) t^iU^-*yi 01^1 5ji4 <jL>^i 

Jkp 4!jl>«j (^HI ^jOiyC^ J t V^'^* <y ^'J^* J uiJ^' ji'^^ 

(pilot rating) jLi» J^aIj jW^' J ViJ*^' olS'^^s**]! JLj>.! 

jLkJl j^ip t.-*j>o i-^UJl oLp^^I ^ aju\ J\ t Vsse 
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^t-^j^iU iL»j!)Ul LJjJl ^LP^^I ^ tVmca jl Vmc iPj-«Jlj .oLS'^p*^! 
j^j-^ j-« j\ t (wind milling) j-^Jl ojj Jb jj-'lij ^ J jJL«j» iJ j^*^ ^ J ^L?- 

5JUJ J^^jJl ^LP^ ^ c5^^' Ai^^^^lj (feathering) SJLiUt-« 
5_p^ JjLjt>» J jJLwwJ J \^ 5JL)L2_<JI tVysej Vxse oLp^-wJIj 
ilJLP ^UJi La ^J-« Vyse .Uia-o ij jJl-J 

jij>tj ^/ LoJLlp tc^j) 4-Jlj_^l oLpj-wwJI c5j-^' '-^^ c-ij-^l JLi 
(retractable landing ^_^a\S ^Lli o^Ajj^p j\ oL^AS eyLlall 

.^JbdJ (gear) 




(Piper PA- jLa-Ji ^ 2 ^IkU ^^^1 ^U^Ll Jp 4:Lta ^qI jJlII oI JlI ^3-4 JSLiJi 
j,^:*^ LjjJI l^j^S q^lJlI c *1 V^* 31-350 CWeftan) 

^ ^jt^ JLi y-S' ^1 IJU J t^tiJT J5' JpIjJ^ 43 ^1 *^tij . (Vmca) 

. jkuil J 4(BLRI) hM oUJaJl 
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cJu |i .^7 .oL^jMI IJU olij oMjUi-Jl ^^^^ *3Lia cJl^ 
fjifi- (vortex generators) oIjlJ^ FAA Jl aJU^ i2ilj-JI 

oyLWLj ^^is^ LJjJI ip^^l tVmca ap^I (j/a*ip*j ^JLp J^^ 

JSLlu ;L.|jjJI oIjJ^ .(3-4 JSLSJI) L^'l^^^ jl^! Ji^- 

(boundary layer) S^iU*^ ^Ja— Jl jJ jJ c <iJb>tj8 ^ ^^jj^a LjI j J 

.(stall) jLfl^yi j\ JUaiJ^yi cAivadLo l^li J\ SJlijUl S^iUcJl 

jJlJ( oIa] ^ JLis a980 (John G. Lee) ^ 0 jj>J Us j 

dLjJLLjb j^Jb «L> JL>- Jaij Jj»liil <^l>*^* ^j^^^'^ ^ 
^ ^.'>r ./itI iLiI jd ol JJ ^ aJUj ^JL».::^I ^JJI ( (Hendrik Bruynes) 

^ jsIjJI j LdJ* 18 JbJUjJl Jl JiJi J (diffuscr) 01 jJL>- 
4 . 41 ...7 ^ L«^j. t . (United Aircraft Research Dept.) JL>«jloJI 
jJ (Lee) ^^ JJj tijoljjJl jlJj^ J^y^' "^'j-l (Bruynes) 
aUnll j^;-ioij illoJuJi (Henry H. Hoadley) Ji Ji\ I ^^J»l\ Jjui» 
Ot^.J^^ J ^UJI (i^^l NACA J ^ aJI ^1 caJLilJI oIjJj^I UjJ 
j^,^ oUjlpIj (H.D. Taylor) j^.Llj ^Li 1956 ^L«J 

PropeUer Slipstream Effects (as- ^ JlI) J^ jU jjb 6-4 

jjbj 4 (slipstream) j\ ^J^^ JJUil ^liil iiUi ja 

^jOJLj (William Fronde 1810-1879) ^LJj ^^^Lkj^l ^.Wj* W 

^ jLlJl ijk^ i^j^l 4jjaj J*Jaj J Vj^fl tr^^' 

jjJ" 4jyS::3 (j^y^* ^ t***^*^' J' .^jku-Sfl jLsJl ^ ,^\3 J\ Oljji 
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t^ji3l UJL- oLIjLj (MiUkan, 1940) OI^^Ludj (Smelt and Davis, 1937) 

4. SiLjil C)U c (throttle) JJUJI >::...n julp .^y^^SLJl 
(free jj*JI JJjliJI ^ SiLjJl dUj ^^JLp (slipstream velocity) ^Li^l jLJ 
4jjA»^ ^U>J^ (^^ft t^JJI IdU ^1 Afij^ c**iaa9u\ US didjj stream) 

^jlJI oli ol yUaJI c-JU Ji-u-Vl o^^l Op tdUJij 

jl ^^5Lu-*bfl j> ci> ^^^1 oL'>U (trim) ^^^uju ^ jii2>o ^ 1*5' c^^li ^1 

j^^l c-Jlil y lil iiii yVl \1a fjiliu -Je^-i^l -^J^^ ^^^^ 

.{Phillips, 1948) ^U3I dUi y» SJ* Ji SJi>^l oL^f^l 

^jJl ^Jl JLJUJIj t^Vl i^JUl J-Lu-I jjl (downwash) jLJl oly>Jl 
Jj! jjfc J^LjJI IJLa Ol^j .j' j^^"^ tj^^ ^ (power) 

OUJL. J Jjj JJ ^ JJLL dUS JLxj jlS ^li ^1 01 jj3 Jl j^IjJI j 
^js^\ ^Ul»l JLip JLLJI jLJl Jl ilii-.'^L t(WcUaiidSleemaii) 

.(4-4 J^-iJI) ^li ^1 J«l« JIj (power-ofT downwash) 

■ii >>mJI SJL*-j oI yLkJI J ^li Jl t.uJL?- ^^li Jl jLJ Oljja 
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^La*^! iiUJi (4-J>-jj) <:>-ljJ aJL>«JuJl oLj*^jJI ^ ^icL>^gJl (_;,AJtJ 

.^Ls^i>«l<Jl oLpj^I ^ ^^^^^ ^ 
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.(1949 4941 jijjNACA 4 Weil and Sleeman 



(deflection) 4JL0I ^^^.^-i^*! ^ '^lii Jji^ S^UaJl Jij (^L>JI C'^J^'^ 
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jL-j ^ <ij>^\ jl jJlo .(Phillips, Crane and Hunter, 1944) 

. (deflection for trim) j^jjl ^1 J>-1 ^ aUjVI aaa 




Jl J^UJI ( Ji-bU ^USf I ^M-l) ^ (dihedral) jl>il 5-4 jSLiJI 

. (slipstream loads) J\ jLj JL^-l 
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W ^ ^ J^* y J^i tOlj-iaii Aero WWI ol jjJ^ liij 
JLip L»jjju> Oi^ iJL* jJ^jj ( 4JLp a (rudder trim) aUiJ^fl 

. (Anthany Fokker) j^^J Jli-l * J jVl ijJLJl »-* ^1 ol t/**-^ 

yfc jl ^5i-.*ifl jjIp (slipstream) ^^^U ^1 tjL^ JA ^yU^J jjI dUli* 

OL^I jLj (sideslip) J^bf^^fl jIJ .(5-4 JiLiJl) L^jlla 

otij ^ 'AjJ^ t<*AJL>Jl ^^-^1^1 oUtjl ^^j>J (slipstream) 

iuji^JU ^^jui jt cj^f^^fi ^jji^ jsixii i^^jLii ji^i ip^j 

;u;L>53l syUaJU Jj^l g^i^l ^Lj SaUJ SykUiil oJLa oal JLij .ijSLiJi 
^jJai Oj^UJI Lp'b^ ^ 4jI 4:^jjJ (Martin202) t202 j-jjL. 

Direct propeller forces in yaw (or at angle of attack) 

J^-Ij LjiiA^ ^ JL* (yaw) yuiS J S ^LJl \Sj^ oLJiJ cJl^ 

: (Herbert S. Ribner) 

i^U- Uj^^ J (^^^i 1909 JLi.. iijil JL3 01^ 

oJLft ^ JiS (R. G. Harris) <_;-jjLa 1917 Jj .^jii Ji- 
.(unyawed) ^ o^^^ (torque coefficient) jjjJ^i J*^^ 

J-jj^l^j t(Relf) 1 >j J^L^ LJLkj^ c^jJ 1914 ^Lp ^ 

Jj_?- i**ji^,j>tiJl ^LuJl c (Bryant) (>il^j t(Fage) ^-jJj t(Bramwell) 
ji-j^ ^^^^^1 iJuk JLp 4>jjd_^ jLj^l tl945 ^Lp Jj .5*JL>JI ^U^I 
!5UL>J jjjLiiJl oi* oyj .yJl^j jjkuD J^^S" NACA Jl ^ (Ribner) 
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tAjL^I t^Li^l J-^ <^js^ oIjLjIj iiSj^^ 

.j^jSlI ^».^.,tf7l! 4ji5|^Ij (Aj^^^ilLII 4^b»Jl (j^^*^ (3^1 

^ 0-L»m Oli iilP^ h>- jjCuaJ\ h>- J jLjl^Lj iSjjiail 

illxiil (aspect ratio) <aL>-^( i«-J A^J^j .^^li^ A->y«-Jl i^UJl o-L^I 
J . (inflow) ^^^JL^IjJI Ol-ij^l JJ-* -^l-^ii ti^^ j^^ 

^^Li^l (^jJ Olr* t (tractor airplaner) ^^jfJI oljJLW I . ...ML 

J^^i*jj NACA JU X^j1Ajc1\ ^, ,o./i7!i 01 . j^LJI ^1 jl ^^*!/L 

^P^L *J ^;>mJI oI jjjIj g^L^ t^djj (Gilruth, 1941) j\ JcuA 

.^li^ i^Ul ^jJl 4^L.«.9- ^|Ji».Ly.>lj (idling power effect) LJjlII 

^ ^j^h -^W* ^Ij-Jb 8-4 

Jet and Rocket Effects on Stability and Control 

^ ^jjLvi]| j! iMiJl ol^'b tV/STOL IJLP 

j^j^l ^jJl oli oljSLWb aJjLLq S^^Ju/* J^*^ Lfrj S^Liail 

^^^uyyJtlJ ^JbJb^- ^^I^JLaLnja J^ 4^1^ O^^J .SjJkL>- «iJLid j^^^^^Jcl A^jj*^\ 
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Jet intake normal force slibJI J aa ^ A^Ut I 1-8-4 

V'Jj'j^ 4 ^ t (Jet air intake) <^LJLJ Jj^i iufcjjiJ iJjU^I 

Jjj»- aij^^ j^yi oJlxi*-! .(Ribner, 1946) ij^bJl oj^l 

^^^1 oJuh (_5iLaIj .d.uL3l 4Jji>"i (_5jJ s-lj-fJl Lg-) jjJb ^jijJlj 




A = 0-25. c«=0'0067. 



iliUI ^ '^r^• J^J^ ^j-^l (isoclines) J-ll LjUi* J^^^iaiL) 6-4 
L^J jLsil J tiJLJI >>- i>-^ <3y 4--^ jil ^^^i-Il ^ Ok^^-' ^1 • (J^t wake) 
.(Squire and Trouncer, British R&M 1974, 1944 : ja) 2u>-ja cil ^1 LI jyt 
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JiJiII Ujj 0^ (Ja»JI .iUliil JJ (sidewash) ^^W- 

4JLj oLbvifl JSw ayj^j ^i*^ C^^^^ 

^li-iJI tj*^^ y^j t2001 ^Lp jjS?- IkiU ji-jj Ojjjyfc 

^UJI j^Lj tNASA Jl ^ iJjLiu. j**^ ii^L^ ^^^^ ii^^ 

Alrstream deviation due to inflow 

(H. B. j^jjjj jjj^^ '^^^0^7^^ J-^ (j^ lla «^>«^ ^^^JLijij 

(isocline) J-^l ajjL^ ijcSlj JiSl^ 1944 ^L* Squire and J. Trouncer) 
^JjJ '^l -(6-4 Ji:i-iJO (Jet) .iJUl ^( OLi^l cil^l LJj^ 

ijjij J^AJ <p^^*JLl (^^^x^l 4.™Jli t^^i^j 'jt^^ ^'kj^^ oU>^ 
JjU- 4>iii JLLp M^wfl (trim) OjIjj" ^ ap^^I ^IjijI I^J 

»j| j^'^fl ojlj i-JLui jljJji IJLaj c^^^Vi c-JjJl ti-JjJl LjJLjB 
iJU- aJJ'J^ t5^3-i i'i-^j t4_p^^l ^Lii^Lj ^1 H (downwash) 
Ojl j-«Jl 0 cjLpj— • JLIP (JLpVi 0 y liaJl t^I Uilj jiJL>Jt /jJL-J 

<-j^Lo^*^l aJLjiL»c-^l ikiJi JL:>-j J-5Jj .jl^j-ii^^ Jy*J^ t(trim) 
LiJLip JiSlI ^ ^^^^1 -^j^ ^ /lO jlJLiUj (forward neutral point) 

Ol^b ^yJoj ^ c JjLIJL .c-JUI »^J:>JI iUUl ;L>^ ^JLilj 

.j^Vl i-JiJi cjali- ip^^l iliUl ^aIjP ill^ 4Jfl**-J 

C) j^jj Olj^;^ Sjl As^j> Ji:ip olil j»«j^flj lijliJl Js-li 
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A»»»\l djUl iULJI i^^^ jiJ •^^P'JjUaJI oL5'^;>mJI 

Sjl^ iULJI Sjl^ (function) :iJla ^ ^^UJI iiiUl 

Spedal VTOL Jet Inflow 

fJjL^ jSy^ 5 yUaS" VTOL ol ^U? ii^l jLJ til ^1 t^ajj jlJ 
IIjLjjL* tjj-»^Lp jA JU jJL^Li S j_sLU J ( (Hawker-Siddeley Harrier) jLjjL* 
^ 4 . >r 7 ... ^ ^'j-H^* tPl (McDonnell Douglas AV-813 Harrier II) 

.(^ilxit Olj^lj (hovering) 

i-^^ ^jLLm iJ\jis:-\ Ujj t^ijj IIaj til^l Jii 

4JL»Jl aJL* J-'^a^ J . (McKinney, Kuhn, and Reederm 1964) (.^JLJl ^^JLp 
jji] jJfcj t^lii»JI i*-jJL ^ t-Jlil ells' cJjj 

(swept back wings) i^^aJLiJl <^>i^w.jlJI j! ju1\ 
J ji jJLjJI aJLp jikj aJLjJI oU^^I (pitchup) jJL-J J y^^^ t^^UiJ 

. (transonic pitch-up) ^J 

Ji2i>e:J ^^^^ ^tjJ^^ *J^J 

.jL jLfH JJLo t VTOL Ol jSlip ^ ^ ij^rj ^ cluaJl 

(inflow) ^^yJL^lJiJl jijJJ i^L^J iJKJLa JjUli^ ^iJLdJ L» iiL^NL 
cMj^ (tilt rotor) JJUJI ^^Li^l oli VTOL ol^^LU ^ Jv*^ 

ISyf^ ^ (asymmctricloss) OIjlSJ 5^^**^ o*yjL«-^ 

(upflow) jJLp^I JiJLil c-.^ dUij ^U^J^ ^^a^^ ^ (roll) i^r^a 
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JiJLlI ^ 4JLi-|jLJj t^^j— Jl jIjl^jVI ^ jt^LiJI ^_^LijJI JUaJI j!)Li- 

^ |ij!5Ul (downflow) JiL-Vl 




O ,5 10 15 2.0 2.5 0 .5 10 1.5 2.0 2 5 



J^^A^ y y ^jl (^Jl)I v^JDl ^ jit 7-4 J^<iJl 

JL^l) a>-jd 60 U jlJLLa L^l^ jLJ JLL^ AjjI j22^VI ^JL« lil 

SAE Paper No. 864A, © 1964, Society of Automotive : ^^a^ jJl^ t 4 «. , k 

(Engineers Inc. 



Jet damping and inertial AJlkJI <::^I^'L j ^iuLJI dUjiS-^ 1-9-4 
effects 



j:> ^jJi ^1*^ ^ oijs^j p-LjI (Hans C. Vetter) jLi ^j-JU 
i:ffcji3 '^l^^ (>• ^ y (Ir^-H ^ ^j^^ - jiiyM (Douglas Co.) 

(1)! JiiJj .(exhaust) C^aJI J^'^ (>• ^i-iJI Ay^ JuUJ 

JJ5iJ( _)5'j^ j_yJi jL*wfcj iiy>«ij O'etduct) ti-JJl ^ ^\ ^ j-^^ 

i^;-uj-w*Jj . (rotational oscillation) S^UaJI (^iJJ LoJj^ (CG) 

AjjIjJI oLPj-JlI ^jLLo aUfclL o^UaJl J.^** 1^*.,^ oIJIjIaVI oJLft 

(Coriolis Damping) JuU*J t-a^.^; (^JJI (angular velocities) 

(Aerodynamic Damping Moments) j_y^-u«Lj5j^)fl JL«Li«JLll j^^Jl 
^ bluLiI JLsUkj ^ jjp jLaJLxj .i^JUl J ^^^^^ ^j^^ ^j^y 
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(SjsA dljul iiL^NL) t(Jet intake) J^J^j J^l 

. (Vctter, 1953) 

01 alii .iluUl juliu ol^*b ^ JJLiiil J^- iJLiJi olyOJl 

oLj^jI— ooj iJLJLSjl 4j_^>J| oLpj— Jl ^ 4jj-l>JI JLoUtj 
.AJLiiil oUUljVl ^ 5iU S^*Lyi Lji ^( tiJU]t (thrust) ^J^\ 

Aj^fU- J-H^il ^ 0^ (airframe damping) ^^yiSL^I JLoUidl ol 

iJUiJl Jb>Uj jjjJUJi Ojoo./?oll JjOi .iiisl^l oLpLaJjVl 

0 j^L^ jj>'^\ J .1 jlJb>JI /taJL-J jl U^l yiJl 2 ^Lkil 6 js>^ LojLip j^Lkp JpUj 
^ ^jlSL***i (^JLil (intertial coupling) JUaxJi iaji^l J^J^ li^^-iuo 
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Managing Control Forces 



Oli CJ\ ^LkJl will ■■■ W J UajJl 4_PJL| ^ ol ^LkJl O jj-Lj- U-J 

Desnrable Control Force Lerels Jit ^.i^t S jS 

^^.fll.* NACA J— OL^ 1937j 1936 ^ 

(William ^gjH iJU fULjj t (A. P. Beard) ^(MclvinN. Gough) oL^ 

^i.^>BdL! ^ ^^^^^ fj^^ (j^^^^ ^j^t^ ^^W^ ^ I jji JL^bi^l Ji H. McAvoy) 

CJIS" {_^1>JI ^».^>«lil AjI I jJL>- ^ (SiLS iUtP J Uap) SiLdi JSl— 

It 

fjjJiS\ i^LJiiSj .Ujj^I jJL* iJLijL 50j iJDjL 35 UajJI aJiJ ^ 

.4LJL>J| <w»lva]| ^j«u«»il3l AaJoj! a J^JJ Jll«Jl aJL^ J ^ S jJuioil 

ol ^Li* ^ ji |i|JL^JLw-Lj (FAA) JljJLiJi Olj^iail iJai* c*»»*-. 

LplJLiLi-L iJDjL 75 UJUIj t(FARPart25) Jij o^-P' 

7.50 ,y JJUL ^ ol tiJUJi iiuji' * (MIL-STD-1797) U^l^l 
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(Gough- *jLi _ _ ijLSJ a j-iJl cAjjI^ C*^JLitl*-l JL3J iJL* 

aJLijuj (UojiiLi ^JiJLaiil ^,JC>>dLi LJU ^jj^ JiCJLi Beard- McAvey) 
Jil oL^ji-^ loUj'yi iid ;L-ljaj (Yoke) ,*j..,^.S oli SiLiJl 
(Artificial Feel Systems) : ..^ II j^^— oJUl i-oJajV o^JL?- JLi c-JLS' j-^i-^ 
.^jiil oI^^;>bjj AJLaUil (side stick) 4^1>JI Uaxil oU^>cjj 

Background to Aerodynamically Balanced Control Surfaces 

L^Lp^ CwRijjIj (If^ ^^^^\ ^^^Ja^ ^^ji^?^ ol^UaJl C*»B^.i^I LokAlP 

LfJ t:uk>J ft^^>>:^l *>^^ (apLJLj JLiSfl ^ oli^ Sjlp 

^ aJL^Liui ^\ cJjjLJaJI j^^^^^ - - (^l^ djJL^ 

^ ti^iJl pI^I iuu^ jjIp t-iiiU L§jIjJ5 J-IS" J\ ^^i>^\ 

Ja*-^l ^5j3 ajjI^ dUi t(hinges) o^LsaUI ^Lb! ^^^>^\ oblJi>o| 

L5L»hjij^l Ojl,yuJl j,^L>«i3l 4/^^' J>^' 

jLkJI jJLp jujlpI L.JLL* t(Glauret, 1927) <^Ui*JI LJliaj^ 

(W. G. Perrin) *i>J . (thin airfail theory) JJijJI 

. (Perrin, 1928) ( (control tab) ^ti^ ^j.>./i7 jLqIju SJpUj mJIiII 

J-rtf-i-oJl ^jy^j (ij-5-ll j^yJLp 4-JLlj| ^ o ^ o II oj_kjiJl C^L^j 

Uw ..lA II NACA oljLii-l ^ <IiL«jLQ iJjl ^jioJl ^jlft...l 

(Ames, t^Iil ^^^a^ ft.^ jLks ybj c NACA 0009 jLkJl 

. Street and Sears, 1941) 
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t(Glauert) ^jjJlp ^ j la i ^LllII oJLa 4JjLL« 2-5j 1-5 0*>liLiJl ^^^-^ 



(—) 



JO .40___ .SO .60 .70 .30 .SO I.O0 



(3 ' 2> t5->j^> jliSl 



4 NACA 0009 Ja---. y-i^ ^ oik- ^ ^*bj ^^1 1 _ 5 JXjUI 

^;^) (Glauert) ajj^ J-S jJI ^^51) ixiaHl i? Jir . JaJL^I oUjJ^- 

.(Ames and Sears, NACA Rept. 721, 1941 
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J.'LJLo 4 NACA 0009 jLJal Ja_j ^Jail J-^l J-.I 2 _ 5 JXjSJI 
j^) (Glauert) 4jj>iJ ^1 ^Ja2il jUall i*Ja2sll i» Jif .iaJL^I oUjjjJ 

.(Ames and Sears, NACA Rept. 721, 1941 

*^JL!l ^ oLo jJlx-o ^^o-^ J*>^ J (^JJL) Lw-L^l j.^'^l Ji NACA 

(, IaJ^ (2r* ^ aj*)C j jj 8 (, Liii?*^ yJi ^la.*< 17 J ^^^^ijisJl ^^^^^l 
cujIj . (Silverstein and Kartzoff, 1940) SJU>^jl^I oU^fjJlj tL^Lla_,^j 
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Horn Balances '^jj^ ^t^^t^ ^ji)'^ oUjI jl! 3 _ 5 

cil ^\ Jufi jjUnTM.fl J^Ld^Jl i29- JJ A^kLJl LfJ 0 (horn balances) 

XI (BleriotXI) cjjijAjj (Moisant) cJIjj^ oI ylkU i-il^y^ 
^t^^fl^l olii 0^ t)t V iijSLtuo Ol^j .1910 

F-5L (Curtis F-52 S^«-SC]| a^U\ syLUJ eLfJ*^! iiij -L^^jJi w 

.^^1 dUi JL^tlL 1918 ^IjJ flying boat) 

^JodUtf J /*^' ^^j^ ^^"^ .A^La ^^^^Ua^ d JS^J olid oIjjI J>a ^Ijl^aLutfl 

^>^Ji JiLiJL . (a) ^^^L-Vl j! cujWI ^Ja^i A. jljj 

^^^M^ JSLli JLp Jj 0 V-^ Ch (>Li«*il Ci«j 

Jl a3jS\ cJLJl Ch8 .aJL-^I ^JL-buJI ^ SiJj 

4j! j_yi-*J c-JL-J( Cha J^Lj«-oJ( .^*/3a^\\ J Lj^j.>tJ JLlP JLiL>c-gJ| Ljjt*^j 
(IJLpUtf f-^"^ ^^^^ 0^ f J^^^ «>^^l ^Ja^l iI^Ij LoiilP 

JjiLitJLI ^ jJu |»-^>ciJl iii (horn) Ojl t)l oLti^l ^ j .k-JJUl 
.(3-5 JSLlJl) ^ JSLij ^J*-. Ol^j jUftJI ^Si^ 
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^ia-*» c-U; ^\ J ^,-SC>tJL)l ^Ja-w- (tips) cil ^_yJLP 4 3. la » 11 ^^y^^^lLii J^^l 




.(Phillips, NACA Rep. 927, 1948 : ^) Che ^ ^1 Jl JisW) J^l 
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((shielded horn) ^^.^mmJI Ojlj^l i^S^>^\ ^j^j^ <-»Liv»f ^ 

jjJLp JlJLjJI jjt^ ^ Jil ^ i*j>«j>MJI oLjJI j-Jl C)l »JLiiJuj .t^JUl 
0^ Jip jLyi AlioA JL*- JJLiJ Jit LfiL JJsju US' .^L>Vl l^>rta.>i 

Orerfaang or leading- 4^LiSll aiU-l c^Ujtj^ j] ^bJl ^^L-l 4-5 
edge balances 

odlJX^I fJ^J *^JJ^ J./ifl« li ii^ |iLaI pJo^l ^cia^ 42kl>a d LiJLlP 

(overhang or leading ij^L»Vl iiUJi 0 jt t^L^I ^>>^^ JlSjllp OjIj-*JI 
^fllau n ijjiJl m.™JLj ^liil p-^^l p ;o ./^T J^lj-p . edge balance) 

JSLij i,^Ji^\ aku. J^l^ cr-W^^ Jv^l iii- (•U oJI^I 

.(4-5 JSLiJi) .jrUl .3>Jl] ^yJl ^UaiJl 

(Abe Silverstein 1940 tij^L^j ^;_;Jll-- *-jT L*3jj1 iJj^l 

(Douglas Aircraft S yLi» ^ j JlU . and S. Katzoff, 1940) 

.(Root, 1939) Ujj^j tt/^' ^-rf^' a* Jj' Company) 

(SBD-1 Dauntless) tSBD-1 ^^-Jli^jli aiLiU ^JliL-Sfl ^"Ul *^j;>JLj 

.XBT-2_i »JjycJl I SBD-1 JjVl J 

4 1 ■.. I bin 4;o NACA ^ '^jijAi cjjjj i.-JiS' 1942 jjLo/jLiI ^ 
j^jLJ* il-M^jt cjl O^JLiuj h^»bj j»-^UaJ 
StJLju J-^l Jb-lj JjJLkj t JlSJl Jjj- jJIpj 

^Ja^ ^koja V-?'^ t/* L*jLii-l ^ ^\ j^^l »-JJLII 

JSLUI ^^^jJLJLaVi JSLUI ^ (elevator) ojlJ j;pLJl 



135 



DC- J DC-6 iJUL- t^^^ja ol^li» t (spring tabs) 4*-^LJl 

^jJl oli DC-8 S ^LkJl ^ ^jJl oLi^ J ^j-^' l^I J 7 

<^ (wijl ^ Ojl ^ ^ J\ Ojl y DC-8 0 J\lal\ ^ .C^iiJl 

.0.96 ^Lb cJLs^j oIp 

^Ji-u- ^j-j ^1 (George S. Schairer) jlj-*-- ^jj-^ •p^^. f-^ 

(CalTech ^1 jiiJl (Convair) ^ ^ ^ ^^^-^ j^^*^ 

\»,,/»\\ *jLu.Jli.i-.l Jlj iiJl^ B-17 ol ^U* Jjl C)l . CALACIT) 

^Ul ►j^l oUjl^ JUsj*yi jjS Ol SI t (spring tabs) 4^l:Jl 

.B-29j B-17E oU^UJl 

t5JL:>- Sj^U^ B-29 oUiUii ^ jjJuJi jS fy>J\ v:u-j! 

jLl» ^ jjju^ iJjJiJL dUi JLp c(Cook) ii^ jLp JLij iijLt*j| 
dip Idi (oU^I oJla Ji i^^l ^ B-29 4*dL2] 

5^*>Jl ^5^1 cJlS'j tB-29 SjSiyi 4:^^JLil oUjlJ ^j>JI 

11* JLkJV y^jl^ .(Toll, 1947) cNACA ^ .^jU^^ JLiJ^f 

JLjcjB j^^JLbUJI j tj^JL>«-«Ji ^,-5L>tlii J jl j_2l-u-Vl IJLlAjO Ljij>- ^ 
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.004 r 



t 

5 -.004 












\- — 1 





J^l f>p ^ ajl*j jjjdl (^Vl .^-Ull ^>i.| old V^^i*J^.>f> 
.(Phimps, NACA Rep. 927, 1948 : ^) ^JxJI ci Ua:* 
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Frise Ailerons 



4^ ^jUD y » olii 5 _ 5 



liU .^li>tJJ j^jii-Jl ^Ja«Jl cu>tJ jt JLlp UJli 4 (Leslie George Frise ailerons) 
oUi JL?-t jJaij «iJLit Jl*j:^*-«JI j^;^ t^Lj>Jl c*s*j Jl^ajL« ^ c-jIj 



JLii .(5-5 JSCAil) ^jUJ jjJ y 



OL-j^j tP-39 J^j tB-17j XB-15 „;>t^ t^j^^l ^UJl 

_ 5jj_gJLjl Lj-yil ^^yi LJUlII L^LJI ^ ^1 ol^^LU ^ J cTBF j F6F-3 
J^l^ jjI y 4*3 c-w«Jl>«i*-il JlS J . 190 jj _ iijlijl J ( jlSojjA J t jjUi***- 
C-54 j5 J t jJUU jS" C-46 j _ a* ^H^' i-JUJl «^ ^1 





^j^li Jii 

(i^i'^^^^^^^vn II .||. 






L 22^ J 





(Douglas ( SBD-1 ^^^-JbJjb ^'ikpjd S jSUaJI laJMoJll ^jI ^ 49^ ^ .^.T 5-5 JCiJI 
*jLi>-l j»J j^JJI ^l^ill J ^LJI J5CJLII ^ ^...^. ./ii^l lJU jlS" . SBD-1 Dauntless) 
t J-,aiil Ja>.^^ 4oJLJI_^LjL|S^ j tciiVl JCi JLSJbu^^JLjj .1940-1939 
.(Root, NACA w-81, 1942 : ja) (Gap seal parameters) S ja^S iob^" oik- j 

c J ..(^ o Ja5»- ^JLia:^ iiL^^^J j_^JLa*«J| 4j>tli-u- (Jj'^^J c$_^JLnJl 

^ILJI ^'l:^! ^^ia*- t/^*^' ^LikLa j»iLiJl ^1 jiJU 
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. (anti-icing aileron) jJbjeiiJ Sil^iJl a^j-^jJI 

(1) LeJLlP ( ^\jJ>BJLi ^^^JLLmJI ^rja ... !l Cc>(J JLl4^ LoJLLP 4.sAA>cJLo AlS^L^ 

(push rods) JL*i jL^a-aj jl (control cables) ^»-^li»tJ o'^LiLj j-w^^Vlj 

iajj JLLP J ^?-ljL:>«Ji -i^tH^ i>«-^ iL>tJl isJlJl '•^r^ 




XCG-3Waco 1^1 ^1 S ^UaJl ^ A3i oljtyjbV jl^l jLi^J-l JJi 6 _ 5 JSUJl 
.(1942 tl»3«8 ^ ^'^l SaU ^>-) .5 jjill ji-S Jp oU j5 
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^1 S ^QaJi ^j^^ J J-^^' tj^l 4>*d^l C^^^' <^ J-P (^P aileron) 
JjUl ii c(adversyaw) ^^U-J( iiU 

6 (aspect ratio) j aL* ^> JLi* j 

jjI y olii Jjiij ^3*31 lJUk N J (adverse yaw) ^Ua^l ^1 yO^fl ^ (Cnp 



XCG-3 jJLj( a ^Liail jij^ 'Aip J .oLiJlil j a^^aJ Jii-o^ 

Sjj^ jlf^.'i^j .j^- oUjJ iUJi 0^ U942 ^ Waco 

L^ojt J '(j^ ^ olijJl aJA c) LiJiP ^JLnlLa 

j>JI ajjIj JiP 4^ 4*d cjajt Ut* (bufTeting) ^l^ji 

jj^ai^J 4;>-^JL3| 443 AjjIj cJLS" UJli? .j^iLsJl ^-^^ I «3 

.(6-5 JSLlil) ojjjJl c^^^Jip^l ol^^fl ^ 

03 LI jj ^,^H>^- 3JL^^ XCG-3 S ^UaJI ^ aSLiUil ^v^U JLii 
iUJl ^^Jb- S jlJi^l JjJ^" t>j 20 30 ^ JLpVI Jl 4^ ^JJI 

^^-^LJ 4-JIp ojJL t4i-*L>c-«Jl jLii-l jlSj .fljL^I 

(A. S. Hartshorn) 0 jL> 1934 ^jIju ^ ^^^y, J ^ jW*^*^* 

oUjJ JLJI i^Vl olj^ ^ Ji>^l . (F. B. Bradfield) JiLial^j 
jSj .(Goranson, 1945) tP-40 5 JL* NACA ol jLi^l J 

tP-40 syUaJl jjjy olii J JLJI Jl ;1SL. ijiU^ c. 
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ajj[1a (^i^bU j:^!^ ^ JLv- ^4^^ SdL^Jl UajJ 

03 01 jjj .(Ji-Vij jLi>^ 1^^) jl>^ j^-isL 

UIp jmj\ JjLrj> ApLJi /j-uB 200 jJjj ^ t^j^ 48 IajIjlS^o 

.0.138 tijUj cpd/2V Jl*::i blJ:>-l ^ifj 

Atteroii Differential h^- ^ jJI J^U 6-5 

c5>^l Jl V-^^ t/ii iJliJ^fl iS"^! ^ o jLii3l 01 

t5j3 (jA;i»-lJ Ahjifi «jJl J-^Uj .(7 - 5 J^l) ^JJI iii J->lib j_,l--J 

(Jones and JL?-I j oUjI J ./i a » 11 jL^l ^ SiUi^N( J'^U^ ^ 

J-*jtj * ^l^-^>-JLl f j^?-* jJ J • Nerkin, 1936, Gates, 1940) 

l^fl./T) cj^^' ^i^J^' iiUJl SiLp j>» (^yJ^ J./>floll 

JLpVI Jl^iSUiJI iuiUJI oUJU J.^aJi ^jp ^ gjUl J**JI Sai^ 

30 M^Wotll ^< ^Sll 0 ^ J .U^Lo^cjI J ^ ^jJI ^jJ A^^lUJI 413UJI ^ ^^j' 
f>* tr^J -J-^^I t^^l *^J^ 15j i^ji 

.(fixed tabs) oWI oU.-:l»^ J"5U- * JviiJI 

Ol^;*^! JU-*Ljj t^ljjyJJ iJLo ^^^^ LjIjj JLiP li-Lj tCha 

JLip J-sAJ**; (high wing) t5jJLjJl ^^^i^>^ iJUJl ^j^>i^l LjIjj Oji t^L-»i^l 

(aJUJI oIp^^I JLIp Lfl» 4.^ a-Wl^l JLlP Adjjlj ^,.^>cl3| 
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. (Jones and Nerkin, NACA 586, 1936 ^y*) . 5 d^nx Ji-Vl J iiaJI oUI ^1 

*^ A^Li ^iSLiLo e ^Ikil <r>- ^ (adverse yaw) ^^IjcJI 

t Ijil^ dj^^ (l) j ^LiJI J-^I) Jbl^i-Jl jl t)l t (tailless) 
Balancing or General Tabs ^UJl Ja^soli oUbJLjj- jl ^1 7 _ 5 

ijiJUJi iiUJl ti-»JL>6j . J.Aa-Jl ia>- ^ji -^"^ t|,.^>«lil 

j^^JflJc^l ol ^^-Jtj 5 jaIj t(tab) jji j-<Jl ^t*l>Jl ^siau*» J-soi-o Jai»- j_^JLp 

k^^VfUi ^ ^Ll>sJ( ^j^JtJ (.^**^ j-^' <^J^ ^.ji ^'^^ 

(balancing or geared Ja^^l jl jjl j-^Lj Ujlip (^JU t ^-Lw- a£ j>- 

(j; j_ya^ji>tiJ ^---ij (,5^^ Ja--^^l oL>«L*i^ ^Jj>tX*-Jj .tab) 
JLSUJi J.vfl-fl.Jl ^^I LgJ J t (general tab) f^^.>^\ ^Ja^ ^y>JV 

J-u 5 ^Uail J (Lockhead Jetstor) jb--. c-^ JL^S" ^ 5 ^UaJl (rudder) oL>J^f I 
. (Convair) 1 880M ^ ^ 5 ^UaJl j t JjI^ olii olS (Bell P-39) P-39 
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TraOmg-Edge ^jJuiU ^luJI C^liJJ-j aSU-t hj\j 8-5 

Angle and Beveled Controls 

_j J L» jl (trailing edges) ijiJUJl oLiUJi hj^}^ 
.^.JUiJI ^Ja-J JviiJi ^j* JLp ]J\j tL^\ iiUJi 

s^^i ot cJUlJi Jj> ^jfi jja .Ajiiii .-.^i 

S^^-lj>«-«JI i-JLjLljl (rudder) aS iJjj— ^ <-JJL>Jl oL>JLJ 

aJl^li <Vj (>" t-LiSlj .DC-2 S^liaJl ^ 1937 ^ iiJLiSUJi 

*-*^*^) ^jjj t>^^->^ ^^^^ ^ji/jj^ 12 C:^^- o^'^j^ <S jjJ 

S ^UJl j1 tl^J CjLL^ j^j'^I DC-2 Cj\ ^UaJ jtr 

^l^Vl ^ a1a>- y> ilAl^JI ^l^^l ^ 

6 jP^ aijJl OljsiJt (rudder) .U;^! OA a^jj iH^^ 

.5 ^0*11 C^ljl^IJfcV iiJ^ li^J IjUa 

Sid jt ((/»>mJI cfa^ ^^^\ py^\ 6^ ( ^»2»JI a* vt^J 

t4Jipj .aijdj ijiiiJuJi as" ^1 j^jDI ja^\ .iijJi as'^ ^ 
altos' ajjj lu^i uuji ^ Lnuuju ^ii^^i uLj ^iJa 

4i US ^^JUI IJU av M jl»UJI JJlisi 

jji Ji* ajLLi»Kj> aJiOb y VHt/^ • • • C'dbjl 
Uywi&JLjj.aj»A,^1^^^kJU jUu JUAi^l^UlpgiuLj^ldLi; 

..u;*yi aid 
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^jJodi^J AjjUa 4^JJl^l <jUJ| LIjj ^ ^jlli 4jj7.*.»)I ^jJ^dytf 
ijlj AajJj i^iil jjjJl OafI 11*43 JLoj .^^kuJl IJLa ia->c^ '^JJJ 
oU*i> JLi3 iaJLpj .J ./ra oil J_P A^^iJL>Ji <iL>Jl 

^eia^ ^ j\ ^jll <^lj-J( t-Jl^^t ^ (boundary layers) SjjUmJI ^'^^I 

<i^JaJt <SLq^ jij^ L$ J ^ (J^^-^-^^ ^Sj>^\ ^jJa^ 4JuB JLl*j (^^1 ^iJL>cJl 
aJUb LiJLlP ^Wj-^ ^j^^ <^ ^ ^L:»JLI od3L>^l 

LLJI fjifi LfJdLjj ^t^o^jJl ^1 a „,]\ a3^L>MJl 

j^jIp a^ji J^^tIii i^jLwJl iij|JL?"Lj ^Ll>Jj j-« f ^'J^ ^JJ J^'bU 

^^^JLp jL^\ <^L>- ^_^JLp j__^-*^J ^la ...1 ^U...ll t-Jb>Jl 

IJLa J^jjj .i*iJL>Jl iiL>Jl oUtjLj ^1 (_yl>tLi j_yJLa*Jl ^tla*-Jl ilJl^l 

.j_yJLpVl ^t^j^ MjIS^j LoLoj tpl^^^ii Lju^ jj» U^UoI^l >lls*J*yi 

^^xj>ej {^jJLjJI j^JLp L;«i»i ...il addUMJl <iJaJl (c5^^ ^^P"^ 

i-^L-JNl ^jMjIS ijLp OJj -t^^^l ^^-Jl jJLp j^^I JUaJ ^JLp tjL-J^fl 
;LAJL^JI ;iiL>JLi S^^l Ujjil /Vl IJi^J . JLi^Vl 

.^1 jiil (restoring) ^L:>- ^^fl j (floating) 

oL»»jLj jfllai aLfo'yi iijJ ^1 jljiAVl i^L^ ^ JL43 tDC-2 

NACA JLJ aJL^b j,Ji IJLaj . (Bryant and Candy, 1939) 

iaj^l Lo^ .(GreenbergandStemfield, 1943)j t (Jones and Cohen, 1 941) 

.(Jonesand Ames, 1942) aJLA J*S^ Js*^' 
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(William H. ii^ ^Lij t-JiJJj ol^U? ^iUiS" iaJa^ 

ajj:l«^! j,-C>tiJl ^j]a^ J^:>1 (George S. Shairer) jl^^ ^J>=!" t^! ^ook) 
.B-29j B-17E l^JT^j^ ey» jy*^ c*>«Jl;»i^I ol^Us 




"i? 20 30 



. (Phillips, NACA Rep. 927, 1948 
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(fabric ^U^Li ^iiJbJl |tio«i]| ^^k.J 4^^iUJl ^iUJl LljJ jjIa^^j Ija 
dlJUjal j^JLp ^jU; J^Loj dj^j-t Ol^^t^' covered central surfaces) 

C-27 oJLdi dlJi .(Mathews, 1944) ^Ui3l 

J5La (ribs) ^ ^Uiii LoJLip 1 1946 (Duglas C-74) 

(pitch j|Jb>cj| /jJLj oIjIjiaI Lji>o ^ i^iLJJl iiUJi ^ oiLj 

J J ijdUJi oJL* ... ij .qLij>JI ^ ii^jJLi- oscillation) 

. JIiUjUL ^ J OjljcJL C-74 S jSlUI 

jCiij (ailerons) 4:^ ^jJl oUa ^ 4j jJJLJi i^iUJl ^lio^l ^il?- Jam 
P-Sl (Norht ^Lli^j^ S ylkil 1^ l^S^.li* jllpj dlJiXdi^ oJj^ Lljj JL^ 
JLip ^1^^' Jjbt^ oUjJI klJlC'L^ ( American P- 51 Mustang) 

ol^^V 4:9-Ll«Jl 4**53l ^ ^LjJI 3Jl3*j tiwvJ*- t^JUil oU^^I 

JL:>- ^ J^-^ C-i^^-^ **^J^ 30 ^J^y>■ 4-jJLiJl U j J ^^j^ .•ojJl 

.(9 - 5 JiLUI) ^ b'i^l J t <JU ^Lo ^li J ju^ 

C^.A»r7.«it JL5j t^^LpJl hiSj ^^^I:?- AijJLiLoJl j,-So*l]( ^^^^ia*- Ojo".«»i 

AA-5 j-itjlj ^»jj7.., fllfr/QLaj^ o^LiaJLi <j>-^jJl oLii ^ JLlLJl J— - 
.(Mooney) VJ^* ^^'j*^ (Gmman/Galfstream AA-5 Tiger) 

Corded Control lASi\ ^^i^S 9-5 

^_yJLp LoLgj i^iUJ( L^UL?- ^Lo! ^^^ia-* -iaj^J iJJbi» ij^JL- O^L^ 

Lis jjL^ ^v'^' ^W^i L?*^' olijJLJLH 

^JoduJl ^^^Ip X^jA \^ ^•J'^ ^^Jd (S^^ ^^^s>^\ ^^AduM t^b^ j^fip 

.s^jji t5j53i jb^ ijlaj .uUj JjS3i ^i^ji 
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eo 



J 40 




. XP-51 3 /UaJ) Jp iJL^ jl^l jjJb ^ ii^ji 32 L j)^ :Ld jJUil ^JLl) oUi 
. (Toll, NACA Kept. 868, 1947 : j-) . J^V) JCl jl^yt*^! ^.-j jOI 



^ J"^^ "^^3 *^L>- ^_^1p O'iL^I -lajjJ LoJLpj 

t--u^^j>tiJl J (j^-aiiLj ^UiJLI Ijuju^ (ir**^ .c*jLj (trim tab) 

4 L-^L-fllLjjj^i cUj^jIj ^j-la-^ ^ p-Jl JI J^jU- j-a (cut and try process) 
^jiaJl o'iL^I ^i>waj .IJu^ *^;:rr^' ^UJl oUjI^ ^^r^ 4.<ij>-LJlj 

5iL>Jl j^^Jlp t ^j-j-^c'lU iJuLiJl (projections) ^jJj-ojJI cJ\1s\jlJ^\ ^^^-o— *j 

0 jl^ oLst-j^ J t(Gumey) a^j^ oLj!>Uj 4qIli>JJ a*aJl>J| 
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SpoUerAUeron (a^^jJI ^\^) 4^^^ ^JS ^15^1 10-5 

01 .(10 - 5 JiLiJI) y>-js ^1^1 ^ J\ Q^h^ "-^Mi 



J 4 aju^ i? oUup j^tjl J:>-1 Sjcc^l AjLiJl ol y liaJl (drag) 
jjj^txJ L«l Silp A>- j>-jJ( olii ^IjS" ^J^^i*«jj .^j|j><Jl (^jl-^ ^L^^l oJ-pL**^ 
JJLiJ jl ilJLL*"^! iLoLS" i? ^ oL!>Uj Ja^ IJlL^\ ^L>J| 



JS.OO 



■27.42' 



■16.17'- 




6.50' 




jjjj iJ-iL S^Up ^ i*- ^JJI aaJj (plug-slot spoiler) ^ ^1531 10 _ 5 JSUil 
J) ^biJa ^1^1 fJi*- tkp^ ^ jl-' • (Northrop P-61 Black Widow) ^ jjjjl 
sj-^JLhoJI tsr j-9*>jDI jijS.l^ j^jJI tJi^lid VjLi (landing flaps) (J? cjU^ 
. (Toll, NACA Rept. 848, 1947 : ^) .U-JI 8^2* y^JS JJaS" l»JSc^\ 
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aI^jjij ^e^I 4JL9>^ t^^ra*^'*" y ^^f^' C/^^ *^^^^J^^ 

. (steady state condition) S^2:..,»)i 

Spoiler opening aerodynamics ^^^l^J^ 1-10-5 

jl L*jjj>tJ ^Lij>iJi-5 L?j-'^l ^cia-wJI ^JLp ^LSULJ ^^;-JI JuJi ^,^1 

.^JL^Sfl aaJUI (>* J»t (steady state value) S yai^\ aJUJI ^^J 

(Young, Xu, and Gu, 1997) vl^U Oj-vii^ S^St... Jl iJUJi 

<hjjjLj^\ ( ^lj-«Jl iiLuoLijd oL|L«LP> ^ <JL,Aj>cJLy.^l ^liiil ^j^j 
i-J|JLij*yi iJkj>JLJI SiLj^l Ol (discrete vortex) <JUaii-Jl kjiIjJlII 

cJjj .^^1 «L:f^l (y (net airfoil circulation) jL^II Sjja ^JL^ jujj 

O^fl V^'j ^>?^ .0^27... oil iJUJl 4_<vJ ojJ'AJI 

(Y oung, Xu, and Gu) ji- j t j t V-J^^ 

^Lij>JLJ (^jJLjJI ^tia-wJ(j ^L5JLj LJJlH oUJi ^ oLpIji yl^ Ol 

Xs- jjJl dkj^ t)l jji 

.(bufTet) vl>-^*^l jl 

Spoiler steadynstate ^1503 S ylwll aiU31 dLiLj^j^ 2-10-5 
aerodynamics 

AjjJiu ^L1j»JL! c^>^I ^JadyJl ^^yi^l J^hOjUI 

^(jJLil (potential flow) ^^^^-^SCil jiJiJI jl (external flow) ^^jUJI kjL-J*ifl 
(flap-like) (-j^Jl!! ^ ^ ^c^jl:>JL! <julUJl oUJi cil ajLIj 
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^liijJl Jji (streamlmes) CjIj^;^! tS^^-p-Sl iiUJl ^^^i .j^yi**^! 

^IS^I JU i]L^ ^L^JLJ VJ^* >* ot^^l 

.i^^UJl ^ ^ ^^^^^ ^ 
Spoiler operating forces ^i^l JJU; ^jS 3 - 10 - 5 

^^^1 t^^^i ^Kiij Ji t^iixii 

jj-jJI iid i ^ . 4> : Xjf:- jj»-jlJI iid J^J (dot lip spoiler airlcron) 

A-j^-uoLuij^^l Ot ii**-^ J-,ai-gJl ^J}»J t J^i» 

^JjJli .^JUAi^o ^ Jj*^ ji^"' ^ J (J ^ 0 jJcs^l oJL^ 

.^ll>JD 4m9«1«J| ^^^Ja^l ^^^Ip a jJu^ 

(>.L>.£^ji pistil) a-^is3i i^^jji ou^* 4-10-5 

Spoiler aileron application (2L>- j>-d liJl^' 

jJbj iil* a yUail ^jJI AiJli J-uJaj J j! 

^liJ)fl ^1 4 (Northrop P-61 Black Widow) tP-61 

1^1 ajjj^^-^I 0L1J...7II o^LkJl oJiA Jj.WtII ^=-s^j .1943 

J:>J| OlS" lii -t^i^^/i (Ji Ji-'^l J «>■ ^'J^ ^^'^^ 

^liaj P-61 S yUail ^ As:- j^*^^ J. .tut yfc JL»- y I ^^U*JI 
ojJl Jftdi^u JLLo .aJU^Loj aS*^ J^U- ^ aJL>oJIj ^^^^I (^L^I ^^i^dS 
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(plug-type) ^ j^LiJI g-i JL>H^' ^ j^^^ 

.^L>JI ^jIj- LjiS"^ ^ <Jj^I ^>?^' (nonlinearity) i-jk>Jl ^IjLxJI 

iijj ^j-^Lsw ^r^*-^ iiliA jl jj^Ujj . (centering springs) 

sJaV->- ^Lj>JL1 (^jJLmJI ^cIi^Ij ^l^^l i^L^^I ISU (<j>-^jjt 

JL3 cJl:? P-61 5 jSlkJl ^ V^ISJI i;- ^JJI iijJ S^^Ju^l olil I 

(flap- ^ S ^ ^d olid J'^U- ^ (S 0 ^^^flS") 

cjl^l ^ t (guide ailerons) ij?-^JLil oiii JJi ^^JLj t like ailerons) 
^JLp LjjcULfl^ j^j^ (jJ^ '^-^^^ oIjLipI ^^L>JI 

(4^uaJL>Jl oUJD (Kutta) Ljj^ -^j-^ LojbJbJL^iJ l*J JLi ^j-^lj 

JLL* 4->Li-J*ifl ^^ki^l J ^ ^ (-J jikJl ^jiLj js^l^i J*Ifl«Jl 

4^jP-JLI| olid ti-ii>Jl 4x-^jiJl ^Ij^' ^nP"^' 

.(Choi, Chang and Ok, 2001) 

olS * Jj^fl oljL::i-*yi J»-l^ •^'J^j (i^^ *^ dUliAj 

^i^JtuD ^^^LaaJI aL>«j^flj 4^^JlJl jjjJIj ./?7 LoJLip 
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t|JUl ^jJl ^_;-^UJ ftLyJl ^1^' (twists) c^UI^( t^Lir^jJl olii 



■Vi oli oi yikJJ ^UJI ^f^UiJi ^ W ;*5Lji ^1^1 iJi^ 

J-^iJl 4:lJL5Ll« j,jLj-w- '^^^-^-5 (aspect ratio) 4-&L>-j A<,<i./7<,\\ 




JjV (>Vl gkJI JiJ-l . 707 ^1 t^^ill ^\^\ X. 11 - 5 JSUJI 

^kJl LljpI 4d^^ ^^JDI jjsJi a*^ ^1 ^1 ^1 jlJ; .oL^i ^ 

^JLphI^ Ujll^ ^^^\ IjA ^ .4iJUi ^ U^iit 4 iSj^^ 

. (Cook, The Road to the 707, 1991 : ja) jVl J* ^^^JS ^ j) I j-iU 

^^'^^i 4 1.^ a « J^l>- ^ Sf^^^ c^^*^^ C^^^ |» ft JLl) 

i^^l oL^^y JLp t j-ULJ ^^aJUJI 4fjJUJI ^j^l JSLiJ 
(Jsj^f ^Lol LoUj (rear wing spar) LiJUJi ^L^^i S^Uap 
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aIaJLJI ^JCJjjJUfil (servos) oLsJ^mJIj aJLL}\ ajjOjII] ^1^1 J./»a»j Ol* 
(flap slot) c^^l jIm ^k^^ "^.^rf^l JljjJ Jl:l» l^LtJl ajja11\ 

.(11-5 J5LiJI) (rolling) i^^jJI ^j*. Uijj c-JlfJI dUi 

IntemaUy Balanced Controls LLs-ld aSjtjdt ci^UiC^-ill 11-5 

(^J^\ ^,^ii>^\ ^ c)i^ JUU 

(Westland-Irving Li^ld ^^:uJI - JiJ^L^ oL«.^j)«i^ ^n)an\\ 

oJLa ^ - -.^ * JLsAiJi Ol^ JLiJ . internal balanced controls) 
^1:>JI ^ ^^^^ 1jJUa^ Jbu t^JLJl ^jUJl j^y51u8lijij^^( tJj'j-*^! JlJLi-l 

j\ (hinge line) J./iflo7ll Iii- ^Lol <j»-L^I 0 jio 

.(12-5 JSliJi) -^t^-^ 4>vs> "LoLj si j::i>^ (thin shelf) ^ j 

J«i*o L"l n-<^Ji jjIp (mechanical clearance) j^SLJlSLJl ^^>UJI 
Jjij^j ol jl tj^j^LuiLjaj^^l Ojljiii jj>i*-ii bJL>»j« 

cJjJI ^j..a:t LJLv-b 4jjI^^:uJI ^LJajf o^^^J^ JLii (OdUo^L 

•JU iiJl^j .NACA65,66,67 J-^l Jij ^Li^l ^^lk« ^LL. ^ LyC 

.oL;^...9'>Ji J oLijuj^ (laminar flow air foils) JiJ^ V^^' 

c-'La-JVI ^j^j^ dL^^l y^'-* .^^1 ^ ^Jiil oUi cJLS" JLii 

^tiaA-i 3j:>-j OjJj ^^^^llJij^^l Ojljlil Jj-,a>Jl ^ d\ tijiSU^I 

.^o taull qLi>JI <^U— ^ Sjlju 4*iJL?- LjJ 67 J 66 J-u-!>LJl 
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^UJUl jjii. cii^u ^c^l j^ji.'>^ ^''^^■^ ^ LJU-ld ^jl ^1 ^1.^9^1 ^Jxyn 12 _ 5 JlSCjlII 

Toll, : j^) . J-fl— Sf) iaii fcl^L>- 5 Jjbt^j ^ ... 11 til ^^3^1 J* J j./^->»l.i 

. (NACA Rep. 868, 1947 



(compound t^^S" ^J^\jS\ ojl ,_y5LjL5L^I s-^jL^I ^j-^ j-o 
(^lj-:>-Vl ^ {>c-^' (j-" Ojl ''j^-^ ^ J-'' . internal balance) 

.(13-5 JiL^t) A^^iJUJI ^L:>JI SiL^ jl ^L:j>JI jI ^JJL^) S^^LkJI JSLa ^ 
iJ^|»LJjJJ^^jL5 (JU-IJLJI Ojl^Jli (itjr^ <-^J^ .rf^ 

(Boing B-47 StarJet) cB-47 o^j*^ (William H. Cook) 

B-52 ^^jj 6 ^UaJl (rudders) j-« j (elevators) ^1 jj o^^^ JlSj IjLa 

P-ljj>-Vl ^ ^la^.Mt ^v^o»tlJl ^jla...! iJLi-ljJl P-ljj>-*yi ^ *^ 
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t_iSj-J\ tljJ1j-J^ _vuaLlC. i_ijajli 




(tail fc-JJUl jj^l jjt JjS-b 1^5' ^1 ^jl ^1 IiJai ^jXi . B-52 S yU? (elevator) ^ j 

. ((B-52 Training Manual, 1956 : stabilizer) 



j^^SlI JJL« L*LiiJl ol ^Li» ^ ;JL^|jJl oUjIj-Jl |i|JLi*i^l 

^jls^ LLqj 707 ^jjJ\ (elevators) oLii Ju^jlaJj .737j 4 727j t707 

Ui Oil jL^j--«l JL; ^j-^ ^1 5JL5LJI 707 c^'i^ j ^ 
(Gander) jJuU ^ g la u J ji L*jL«wa ^ o jjUaJl j^^Jl JLpLwwJI jLJaJl 

(_gJJl 4 (Waldo Lyneh) ^^liJ jjJij ^j^li^l ^^^^ Ujl^j .iL>- ^^L^iJl iJL>nj 
jl ^^^1 IJLjCL--q 4 5i jjJl 4 6 ^jU- t^LS" ^1 ^Jl i^i^ jL5' 
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yLp ^bJl J^vAiUl ^ 4iv»j |M US' ((spoilers) ^Ij^ ^^Ijj ^jlj^il 

(Manual Reversion ojJlJI S jU,. ...n Sd jjJI .kgJ ^iJi^^JLynL ^iJCj>^I ^ y 
Ol ^Jb JL-Jl IjLa .LsL^^ LfSlit JLftiju ^1 Mode) 

i*5LJjjJL^I a jJLflJl OIJLii ^1 ^ JLS JjSf( ^ SJj-I j 727 a ^Li» 

jj-j oUi Lfl P-51 ^[i^ jjt A^j syLlaili .oL:..«.,»>Jl j oLljujVI 
tUi-b iijl^l iJijl (Republic XF- 12) (XF-12 ^^^j XP-60 

ia^t oUe^^ aS'^ C^tiUll* fJL:Ut^ c^Uo)! Jl^^l 12-5 
Ftying or Servo and Linked Tabs 

Sijl 30000 5-^1 1949 ^Ip ^ (Orville R. Dunn) Oli J^ijjl 

ULrJI iiUJI ^JLiiJL-J t-'l^^l ol ^LU OJ^ aJLp ojUjuo ^^^IpI 

JLj ^ ^fjj (tab control) ^^^^^ ^-^j*^! ^ UjJ > . IL?" 

AjiUil o^liail iJlJlS'j .LSLijjJLJfc ojJjcqJI hjaj\ ^(JLp*I*rfl 

t oUSUij Lfriajj ^" ^1 JjSfl S^^i S^LkJI ^ B-19 

jyUail Ol^^Jail B-19 Sy^Qail CL^JLki^l JJal .1941 ^ JjV Ojli» 

(servo) ^JLitji ^ Ol^^tj-^' (^'J^?*^ j\ (j^.^ ^J^. ^j^^ C^i^^ 
iiU^^/L ^ ^1 iiij js3l fjji- 5 j:*- ^1 Ja^^l jt^fl^ 

Jojj ||JL^ i^J ^>J^\ olid ^ Llyatfa J^^^^l 
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^ Ilm J^^^^ |>«*.2T (plain linked tab) J*/itf*^ll Ja^^l ^^^i:*- 

.LjJ iii J-iai*lj| .k«^t {C-54 Skymaster) tC-45 jiu-L« 

jliJl oUft^J jjiAJiJ (Roger D.Schaufdc) aJLJj-^ 

S^^^jiJi <-^Lv» t (Stanley Olmstead) .i^?... g I j! ^^^131::--. jj>JI ^*>^ 

jJIp alljuQ ^ ^ ftcjalju Ujlilj (yoke) i^^iJl L^^uaj .L7...alj! 

18 15 jJL5j JU^Vl ^ B-19 syllJl jb tilji-^ 

.ij>iL>l *J^iS*-*-Jjl J^»J^3Lt JJ i jLfil J^-JiJ 

^U-JI ^ \Jo^ 4}[j^ (Hying tabs) ii^l ajjI^ oU-ji:?- 0^ 

^ J*»J B-19 S^^liail .iaii jLWl JLjj>cj ^ 

t^jLi^ ^ ^iij i^y^ lj,r^ ^^^'^l L^^JJ"^ <iji>Jl 

JLlP JL>J| ^ (Ai^LkJl iZj\s>jj^\ JLlP 4j. ...^1 ^1 ^jU... I 

01 JL*j (roUout) ^jJLilj t^^^ JjLJI ^}^\ fjAj t(taxi) ^O^^* 

jLkll ^Ss^ J-MaiVl aJL-^Lj (linked tab) J**-^! 

JLi (MIT) Lj>-jJ ^.jl^^L^L. ^ (Otto Koppen) y j! 

iiiLS B-23j tB-19 LkU ^^ij-^l l-JUL B-23 oiLUl >fj^J Ol i.-JLI» 
.L^JIp cJ^^^I jM^^ (^Jlf^lj (DC-3 SyUail ||.»cj 
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Ob Jjjjl jL-t JLdli ttjbl J-,A».j 11* 01 tJftflJl ^j— i 

11* Ol (2)j tol^^^i-H B-19 syLkJI julj o^U B-23 s^UaJl (1) :0l 

.pl^al A^;:y.ji tJUil^ ^J^b «^»^ 

Spring Tabs I^bJt Ja^l cA^^ 13-5 

OIp^^I JLIP 4^^.y.«^^l ^jUmiIL ^^JU jLkil ^^^^ (Oj^l 

oL>»^JL:>> ^ . ia.^^ll (taxiing) ^>A-Sl JUJI tjj.^fl-;.: «H 

^cJa^L OjSo JjL>- Lu-lS (j^^i 01^ liU .^li3l 

ilXjj>zlS ti^^jj jLkkil d^,^ ^ t^J-^ 0^ (iiJjJl ^ •^'^^^^ <.«,^.i>>JLjo 

4JU> ^ Lfc» Jjb»- iL5j oiU '^■^ caJLsJI oIp^^I 

ijSL>oLjij^^i t^l ijbJi-i ^tkwJl ciL^^?^ jW^' 

^ J^>»a».j J •'J^^fsr ^1 -^^1 ^j'^ ^ ^ ^^la^l 

JjtAj tjj^LJl y jj ^^M^ ^la-^lt i^jS^lA J^i^^l 

LjjL*^- .(Brown, 1941; Gates, 1941) ;L^5JUJI 3^ oljj ,t \ . 

jlSllijI ^ J-Miiil ^ .(Phillips, 1944j Greenberg, 1944) NACA olj^Li^ 
(14-5 jkiJi) aiSUJI ol^^l ^>Aj tiiil ^c^. 
i-i-^jii i«-L-l J-«l^ Ob ^JJ^\ JUU .(1949) Ob J-ijjl 
( (geared tab) ^^^^^^ ^^^^^^ ^^^^^ ol^;^(Ju 

.(geared spring tab) (^^1^1 ^^tr^b ( (Hying tab) tJ^^I ^b^i^Ij 
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Jifudll ^ubk oduU Jluii 




1 = Fj 12/3) 




I 




t2/3) c Fj = (1/2) 




II 




(2/31 £ Fj s (1/60) 








1 ^ Fj = (f/(jo) 




I 




(2/3) = Fj = tl/SO) 


<bi^ LjAd ^LLA 


II 




i (1/60) 


JjuS 


II 




Fj- (1/601 to^^» 




I 




Fj - (1/601 


' ^^i^ 







^^j^Ju j^Jaj (^b J-ijjl JaJa>r<i.i Ja«^l 1*"^^ pt"**^ 14 _ 5 J^^l 

^SJ- lakif- Jl^l <Uu*J ^^^hil ^K^l O^lXi; ^ J liL2}\ a ^ ^1 
Dunn, I.A.S.-R. Ae. : j^) ^ jl) ^r^l ^r^l j>» * ^t^' 

. (S. Proc, 1949 



oL>JLj»-«J| (1)! ^\ <.^^^\ Jl^J»-JI I'J^-" J 0*yUJl iaii ^^^ij 

(1)? VW-^' ^^^jLjL-a (jLLiJI i-i-^ U jjui b j^^^ji j>d>j-Si 1949 |»LjJ (l)|j 

4.*,/a)bJl la;>,/gll tljLj»t*l>- CajIS" JLS'tlJLj tdili C*>tj ^ .(JuIjDjLJI ^ 

t (Hawker Tempest) c^w-^J ol^Us ^Jlp ^L>tij c--aJL>ii-<l Ji 

jjL>e-o Ails' J t(Vultee Vengeance) ^j-JUsJ^J ji S^LkU oL>tj*^l 
C-46 ij^jj^ S^LkJU iiij oUtJVl iii t(Canberra) Ij^LS' S^LkJl 
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U5 . B-36 '[ja^ yiUJi J tXF-12 dU*^^ Sy*Li> t jJGU^ 

Ob ^ .jj-j^j^^l jLu- B-52 ^Ijjj S jSUftil lito-^f Ujji JLi.iy-1 

t5JL»-lj ;ULJ Ljy^j <^j^, o^Jb*ij| DC-6 syUaJl ^ Ji-J <jI 

^|jL>ti*^l ^_yJLp ^^ja iS"^ B-19 syUaJl ij^^ c,*jij>tJ- jlS] 

oI^'lU dUJi^ .LjH C-133 C-124 S^^^l v^^' ol^LU 

oUS^ JlSlil JSLlu cjijj -9j c-8 t-7 tDC-6 <j jU^iil v^-r^* 
^l^^^j tDC-8 sylkil ^y «d Lfri Odjj iilii^ -t^l^l iif*.^! 
IJla JL*j .MD-90 syUftil ^ >.T ^ iDC-9 S^Lkil j> ^.X.^! 

t.^,^^^ JLloJI i,^JLJl ^^^^ oUajulp^jj (tab) jjl j-<Jl ^^^JL>Jt JLii ^LjjHf^l 

DC-8 t-9 ^"^ji (>^yLiail ^ Cf^^ isu-^l oUc^ OJ 
jLiaJl JLfj>- ^yil J t (linked tabs) ia--Mfi» oL>«-jl:>- iiji>Jl ^y ^ 

^Jb LaJLlP ^ 433 jits'! U^9«J jLyi ^C|Uji iJUb J '^y^^ J U mS* 

Ui-b DC-8 t-9 ol jSLUJ Jaj^l 0 .^jSfl JLp 

(Unked tabs) ^^jj^aJI Ja^l oL»^ SaLJ f*^ Jiij "^j^^j (inboard) 
^ Jbjj Lqj8 t(aiitboared geared tabs) l^ji^- -^-^ •-^^^^^r^H W^'-* 

^1 J ia*-^ ^yrj <J^ y (flutter margin) iiy^Jl jjiuoU 

^JL?*j .oL>-ja jJLp la. .^11 ^^^^^ JjW»^ LiJLlP i*^^ jjJUjJl SjJLill ^1 

oL>j'yi J Is^ oiijJ AplkLuK^ dLuylS' oL>>^ (j/ajiJ 

oU.^ (unlock) jjj>J jiJLi . DC-9 S ^ oLjo^^l iii j DC-8 S yUaJl y 
. 727 ^ijjj a jSLk]| y ^j]| ^E^j;^! ^LunJ ^Uaj ^^^ju '(^^ JJ*^^^ 
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(Harold jJjt jjU JJ ^ ^Ji^ Lu C-46 jJj^a jS 

J LJ jX-u- iJjl jJi oUi ^j-ia^ 0 j-^ c)l 1 W?) . Ooto Wendt) 

^g^^uLt- ^jIj-^ (^)jjl ^ , t ^ 1 ./td^*? jJa^ <J.>^ ^^-A;^^-^^ ^ - 

.LjJUaIqj -ki- Ojj OIJjI <^^J k.,^li 

syLkll jJLp (Wendt's spring tab) 1.1^^ ^r^^^ Ja^^l ciJliJiIj 
4jj\ jaJI iwfcS' JJLSj jjIp J-Qju3 J t^^l ASi J**"* ft^l I jij^ t) C-46 

^ ^ ^Ij .aJLp 4^JJJ olS |«.^:>bI3| AI1JL9JI 4^^^ jjJL^i O^UuIaJI 

oUm^- I. « ./i* Ol* ( A^Liit Jjal ^ JaUiII «.yJl^ (.^^^t O^^^ 

t| S^.U?\ J^;-fll.>.>L^ 4.A^s^llJ| Js.^^y<9J| ob>iL^Llj>- jj^^^^-^^g^^l oJLpLw.^ 

Spring Tabs and VlLJ\ j^IjJI^ a^UI .^.^1 cAj^ 14-5 
Downsprings 

JL^Lj ^-v* oL>oJL9^ ^ ^Vee' ^;-A^t oL>b^wL>bj f^>^ ^^^^ 

, C-46 jJUL. ^ i5 ^^^1 * JjSl o ^ 

ia-j-yiJl ^JLkjLu-l (^Ul t (Ronald J. White) JlIUjj tLj-py:jic^ 

0^ .C-46 syQaJl Jaj* ..OJU- JUij*^! ;Ljs-U-- SiLjj ^^y-^Ul 

^iX^bIJIj jl^^iL^Vl oj:>-J (>" ^1 >*J c5^l '^■fr*^ ^Ij-* JtJ^J 

jjfi t^JUl (L. Eugene Root) ojjj (>t^j' J*"'^* dUJL^j t^j^.^^li 
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.(15 - 5 JSLlJl) ^Ul izi-^ J-^y- ^ JlpVI J\ IJ^J^\ ;iUJl eUJi ^ 

. (flexure pivots) 




^ s^^lkll «Vee» 0 ^1 J aijJ 031 ^ jLj 15 _ 5 J5C*iJI 
. (Rumph and White Curtis Rept. 20 - Y48, 1945 



.5 Ls^LwJl jl ^^iiw-l Jj>-1 ^ <ij\l2ji <s^a.>6l<Jl 
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(no load -Up (^ipSfl C?^^'^' J-s-*^ . (Veetabs) 

(down rig Ji-u-Vl jj>J JibiiJl ajjIJ ^^^-^iij LSL^oLjij^l ^j^yj deflection) 
.(15 - 5 JSLUI) ^^iiuJl oLjJ^^L ^^1 JU> i2«4i]| ^ JU^ angle) 

oLjoVl \ >/ti\ C-46 a ^LkJJ ijL-sAjLlJl la; ./all oL>r^:'>- c. ^ J JLaJ 

01^ C-46 S yllaJLJ j^yvaj^l .la-^^Ji JJci ^j^Ui iai-^ t(^JLJL5l]( 

.JLljL 52 _j j-;.::-"^ cr^j' (Jt-*-^ ^ j-r'*^^ lNij^ ^ Jl ^^^^ Lva-jLJ 
^L>- t Jj^l Jr**^l jjW-j ^ t)' (deflection) til^^fl 

.yai- jj* Pj^l ^IkJI 

jLipI j,^^! jJLp ( (Lockheed Electra Turboprop) j^lij _ ^Jb 
IJla "^'^ <-J^j *tr^^' Ja*-^l ^5:1:^ f/*^ 

JLoj«Lu-l 4^LJI i2--va]| oUlx1j>J jj-Jj . (C. Desmond Pengelly) jJLjj^Ij 
4-u-^^^1jiJ| ^e-JL>Jl olilj^ J fl7 J .iiji^l aJLSLoJ c^, . ...1 

.44 y ^( y> c AA,/ten\\ ob>«-ji>Jl (irreversible) 

^j^j^^ (flutter conservative) iiaiUt^l JJL-jJl ^ 
t(down8pring) ^JLLJl ^j^.liil Cj_y-^^Liil L.^/gll ^t^jj?- ^Iill 
(.1^ (SjSiyi fjLfi' ^y^y^ JiJ^ jr*^ u<^^ 

aijLj lyLi jj^Liil jL-^ Jj-l* ^LoVl j^yJJ ^ij-oJI ^jilil jl Ls^jJl JLiJ 
Aii oilp JaUj (^JDI t^^l AiJ^ j^y^lLiij^^fl J-vaUI ^jp c)l .L-L-1 
j^JLp jUaJl yjfAj 'cAl^' iIjLL» \j^j>^ ^j^^ t (stabilizer) 0 JIj-JLj 

Ijl jiujuA (_yia*J '^l^ 'cT^^^ Jax-s^l ^ Jl>eJl Lo^j 

L-JLii* J,\ <aly 4_kJL; J-jLi^ (yoke) ^-^j^ <^ 

Aju^j ^\ d^^JUJl SdLp)r JLi 2^ ^iJL^l^t cJUajj ((parked) ^iS^ syUaJl 
(SfL^I jiVl jl /LS"^ j^^LLJI ^yuUI Uli it^iL^JI 
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An-Movable Controls ^jkJI JolS' ^1 15-5 

oLp^^— J (J^l oljLii-lj (^J ^..r^ LiJbu |,-SL>tiilj 

(flap-type i-j^UJl ^I^j-^j oLo-^a^j ^bl t,gw ^ Oj-haJI ipj— i-jy 
^jjp LpLijjIj i<J{jL^\ ^ 'Aj'J^I ^ij-«jJ( ^ .controls) 

^p^i ji>^ jj> ^^^:^\ ^ p\ Lv ^ cjviiJi 

,ASyy» ^\ ojJd ^«.^>cJ ^^^llP jlar.il *^ c^JLlI ^^^^^ 

^ JLii t(Wmiam E.Cook) ii^ ^iU^J LcJj . (F- 100 Super Sabre) F-lOO 
l^iSJ tjLip^bfL B-52 syUaU (slab horizontal tail) ^JuSfl c-JJlil lls^ 

JJtJLi] AlkL^ ^jj^ ^"^^ «(1011 Lockheed) 1011 JL^jJ v^^* 
^ F-4 UJb ,^iiJ^\ ;L-LiJl ol yLkJI .^^Vl c-JJiil J^l^ 

i3j-*j c (Scimitar) jl:. ^ . .>>j t (Lightning) ^: : : : » V j ^5JL>i^uJl oLjNjJI 
.J>oKJL kj>»i.o UsI >£ULcJ MIG-21j ^LJiki^j (Hawk) 

ol j5Ly aL^I ^LLJLJl J-KjL ij i^i] oLiJai]| 
I jl J 7.^1 J (PA - 24 Comanche) 4PA-24 JtjDL. jS I ^LkJl I^Jb t (Piper) 
^tjij^ t--^ y ^ t (Arrow) jjj (Cherokee) ol ^1 ...1 

f^ IJLa (Fred Weick) dL^ Jb> JLiJ j .iUi-Jl C)jl i3l ji)f -l?-^ 
. 1943 Jjj*- ^jsiJJ jij^ t(JohnThrop) oj^J Oj»- 

Mechnical Control ^^^ISUt ^ UaJ ^ ./i.? J^Ul 16-5 

System Design Details 

((push rods) ^JJI Qi. ..A^ jf A^^iLjLSL^JI o^LiCiL Uju ^^^^I jj-kiJl 

tJU>B.»,^t LoJwU i JL^ fj\ f-f^f^S ^j^^, <£^l^^i^t ^JJI JUJajt 
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1 /8 ^ ^LL^I UJULi 7x19 iSj-JI Jei*^ >ll jUiSl SaU ^jS;; 
14*^ j] ^jJlJL l4i!5L-J aj^l ^ .^1 3 /16 

iil^J ^^.a^Jj .JiijLlOO UjIjUL. J-,j«iJ fj^iUl ^ ^ 

HUJI .La ,>^^b ^IjlAi^L cj^L^ 

C'Uj,«jhuJ CJ^A^l ^ J^lj (turn buckles) IJJU^I 

i^iMM^ J jLJail a jj^^JU ^ SUtfl jil i^^L^I ilJil^ JLli 

lJU JCLj .o^jL-^ J ^ Ji" 4^ jlS^ 

U>.|j LJiJ Jf^l Jjur 4(HM^t ^ iSyuL. ^ J^^ lHU^U^^^I 

J-iUl Cij^ J .s^y-t^t </* r^' trk^^* Uiil j 

b;**^^ t JStxtl ^ jt JiJ\ JLp L|ii Jlip J«.<i^ j1 ^^W?')'* 

^ 5^1SLJI 01^1 j.^- UlSul t5>.Sfl Sj^^SClJI aSLLJl 

(rigging in L^-aJ j,-5L>tiJl ^jia— • ^5" oL>tj|j 0 yLlaJl i^LEi-u-l W . SiLpJ 

oLLi^lj^l ol^ ojjJaJuJi A^t^^JtJi olj^UaJl ^J.>cj ^^JLj .JjLsJt Jbu A^Jli 

^ JL3 ^1 jL^Vl ^ ^^^1 jjfc ol ylkll oJL* tjjLJ* (iJJ 

(picflight 01^1 JJ L. jA p\ j^jSfl ^Uail ^ cJLliii 01^1 
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i^jjL^] j\ jJlpI tL^^ oL>Ej| ^ Ji'tiJIj ^tJi>^\ ^jlz^ dLj>^^ checks) 

if f, * 

^ 2 XB-29 0 ^ ^JlII olij o^jLS' ^j-5Cp ^ (^JUl 

.Uajl t jl ^ ^ JS\ I jJl>JI oI«^I ^)fl 
Hydraulic Control Boost j^l ^^^jJU^l jiJ^l 17-5 

ft-''-^ C^^l jIJL) ^ -^-^jj- ^ - g fijJLxiL fijJjc^Jl A^ttJajl 

LsLJ jJLjh Ijjj*-*. B-29 S^^LkJ ^^^j^ ^UiJ (16 - 5) JJLiJi 

,LkJl 

SjjjtJl iuJi:! cJl^ Lj^j^J .(16-5 JXjJI) iXJjjJL^Jl Jj>iJl iJTj 




S^^UaJI iii NACA tXJ jjJUA j>w ^^jl ^ Jj! 16 _ 5 JilJJI 
Mathews, \ . (a) ikiJl ^ ^ ii**^ ^ 1/d ^>all a*mJ ii-^ . B-29 

. (Talmage and Whitten, NACA Rep. 1076, 1952 



166 



OU^I 0l^*L j^yicJp ycij jUftil OlCilji 4 41^^ Vf?^" ^J'j^ 

P-38J ^^j^ sylkU S^SlI ^ jJa^lj caJLiJI 

.L^ i>-^JLJl olii tJ^J t (Lockheed P-38 Ligtning) 

^LiajJl j_A LSiJjj,i.^ ]\ SjJLiJLj jjj«-gJt ^,.5L>iLiit ^UiJ jL^ tdUi JL>tj 

(Martin XPB2M-1) ^^'jL. S^li» JJL» S^^^l ol^LkU J-^Vl 

t(Boing307Stratolmer)307 ^^1^ aj[l>j tLii> ^^^^ Ojj 

oJl^I c)t 4jLnJ ( (Lockheed Constellation) JU^ jJ ^1 ol JUL>JL> j 
.I^jISCa (Irreversible power controls) ^jdj^f SjJL2j ^i^>.iJI ioJajt 

Early Hydraulic Boost aJjVl ^^iUjjJL ^Jl >J>*iJl Ji'LJLo 18-5 
Problems 

DC-4E S jSLWl ^ JJ9J .^iiJl J*li3l CJ*bfL>J j *--j^;--2ij ^ j 

c**»^ l^l irjjj ^LXJjjj** jj« j,^- ^iLiiij SijjJI 

. (Skymaster) ^Lo ^^ISL- C-54 jl DC-4 ^\ (linked tabs) 

iLulj _ ^ ^JJ^ aIjUjb oI^I js^l a\„,\ ,0 J^Jbu oJl^-t 

(Curtis C-46 jJuLijS ^j^jjS S^LkJl .^T ^ ''o^J^ cJLu- ^ 

Ob SjlpLS C-46 OjjUcJ JLii tJJjL 45000 t^^^J Ojj Commando) 

^ tCW-20 tC-46 ^ .^J^ UtH^* 

SdLi Ot 4j>- I Jb>- L^U OlS* C-46 S J\]all f^iA jj^l f ^ 
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i^JUl ^ jUjLj 62000 <_,JLiUl OjjJl oli C-54 5 yLkJl ^^JLp 

SyUaU 4-jJj>- ^LJ^ AjIJj IJla O^J .Lj-*j.qjJ jIJL/»V ji>tl\ 3^ 

IJla j^J- J^l jJIp jjAjI (^iilj t«C-46 Boost Elimination Program)) tC-46 

UJUJI uj^l j!>^SfjJuiu. (A^lj^f) 

«J>«^ flijj^ a ^U? 

^ A-iLijjJLjk oLojL^ LfJ c-^j . (Boing 307 Stratoliner) ^^-jlJ^jI^^ 
tjJL* (jamming) A . /iwT. ^i J-.^*- .oL>jVI iiaj ^y. 

OlS" tTWA aL»[j^\ (Stratoliner) ^/I^l- syUal] a3> 

ojSiyi j^^j .(O-ring) ,j-»XJI iil^ ti**?- ajJii-Vl ^ ajj^ 

IiriTersdble Pdwered Controls Sid S jJL2)U Ual] 19-5 

j,-iL>tJLJI U ... I (irreversible) SjJULj (actuater) JJlJLji 

•t5^ jjJUjJl JjJjojLi ji-^>.lJl Ja-ul IjLaJI ^ jJfc i-j^-uoLji Jji^\ 

.J^Jl}\ SjUJ *JJL^ luLUJl LliiJI SjUl f^xJl 

tJj^ cUULj J yt«Jl J ^I^M.H ijij^l ajJLiiL aJb- j 

.^JyJullil j! SjJLiJl 4jI jla.«iL ^^^U»- (J^->^ LlJua ^|.^»ftlJl 4jiL«^ ^t'^>'^ 

JjL- oJLijJ jt 'c/^^' iaiL-vflJl oUj_j ^cJlLJ t^^l ^j[J>- ^Ji>^\ 
^^y^aiitl^l JS^J tj-;^o^i ^ Wit.^ll JsL- ^ ^1,..7 j^yip 
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^_yJLp Lg^lJLki^l ^ Ji <j3 j!>U| a jJLflJL |,.5lj>-ill LJaj] J jl JLLLilj 

o^y^lj .YB-49j (Northrop) XB-35 S^Li2Jl ^Ll^I oI^U* 

d jJL>JL ( yip ^ JJ ^^'j ^ >=^'^^ f c5^' (eleven) c) j-aJ! 
^jjL^\ jUa3l »-iJLi^p*j <_5^J**J * ^yii*-^ ^ J-«-*^' I'J^ ti^j oW**^' ^y*^' 

ii"^ jaUJi N9M Ol^^l 1 goUjJl IJL^I J OL^j .^^/l 

O^^iJVl OA JJ «,,..■.. lij (JLii JLj LSu^t JUJ^ SyLk!l 4j>^S| 
jJjJl YB-49 5 ylUi iiij-iUl o^^U-UJl JiiUJ . (Sears, 1978) 

«jJb- JIp (Yoke) ijiJi J'^U- jLUl ojbi-l t^JLII O^^l oUjJ 

syLkJij t (de Havilland Comet) c^jS jU^La J c^L^ oaj^l 

^Lp Ij^ Jj^ OjLU c (English Electric Lightning Pl-A) ijij_JL>iJVl 

.1958 Sy JjSf ojli. *CF-105 \j:S AVROj U954 

01^ Sj'J^^ ^.^^1 A*JftjSf Jitiaj" Jjl Ol (2000) AjljU JLiUu 

(UK. Air Registration J^j**— iJI ,^-1^ .^jUj ijlS'j sylt Jp 
jj-*^^ ^j^^ ^ ajL t^F-^ (^Iiaj. j\ jilt ^ 5JL>»iJI i^JU-JI J Board) 
^ J c jy jjJUjJl j^;-*x5LJl ill ^^ia^l J (Jam) ytL>«j ol dJLJ Jj^JUfll ill jla-»! 

.(oJL^j ||.^>gj ^^^^ia.uii ^ (^jl jlil Jp a^JbuLa oljJLdJ 

pJl^iJLil iUajI ^ ^jLll-Jl O^yUi^l ^jS'^ iJLJl SjJLail ^1 .olyLkJl 
^UaJ JJ Oil tajjj«-gj| LfljjL5-«-j tAjij^l ejJLijL| 

S^Lkil ;L>^^I ^UaJ J** tifUl (T.A.Feeney) ^^lJ j^LSL*j| 
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sylkLi J^-Jk ^iJLiiJLu-Lj ^jVl j^yJU LjJ**kij (Northrop) 

c^Jk^zjt ajJLdJlj ^UaL 4di,^l>Jl ^l^JLoJl jj<I^ jy^jSll Aj^^Ioj ^u^j 

iiL>- Lf^ji jl5 (D.T, McRuer) ijL. OL^ .jl^S:,^'^! ^ jj^j jjjJI 
. (Bureau of Aeronotics, 1953) dlii Jbu UyD tl949 ^Ip v-b^ 

J-J ^ 1978 ^Lp 0^*! <ji j^l S jJLiJLj j,-5L>iJl!I LJ^] ^ . o ./iT 

Ol iJL^^j Jiii .(W.J.Thayer) jL-uj (Robert H. Maskrey) t(^^ySLu-L» 

jJ» Jjl J j-p- ^ 3^1^ 1946 ^Lp J^:?"--' '■^ I ^r-'^l Lf* ( j r^'-^ 

t(R.E. Bayer) JuL j}!* *JiJLJL dUi Jbuj .j^SLj ISLui j^^i^J ^LL^ 

c^^^JLjlJi ^ I. ■ .^/i* t^^jiSift ^ (L. Schmid) JL>.«J^j (B. A. Johnson) 

^U^^oJL! 4Jl!JI 4L»> ^1 ^ S aS^\^^ pLIjIj |iLkJi 

oi-'^^'j t Jj^l iL>-^l ^ (solenoid) i->iL>Jl cAJUJl ^ Mju ^^yi-^i>JI 

fU-^l ^JJ^ ^ uti^J^' (W.CMoog) ^1950 ^Lp 

^JLflliij .aJIHL ojj3 100 (j^yH (•^-^ (Jl ^J*^ ^ <Jj-^j-5' 

cJl^ .1953 ^Lp ^ (T.H.Carson) O^jL^ ^^5:ii--Jlj c^Lwiil 

^IjSfl ^ J^LSi^lj jl^l Jbu y.^^kdi v-i^^* oUUjVI 

.JbljsJl jl ^^iLu-Ml ol y j-jaS" j! jLyi J5 ^ o3jl ^1 M-SL^^^S^I 

iiUsVL .(1963 ^Lp) j^^JLp JJ ^ yb Lo^ 'W-^^ ^-^J^' ojJLiiL| 

jj^Ijj (4jj^^|j tj,^»Bi3l ^cJa^ t ,«^^' ''^J^J ••*'^J 

.ij:>-jl>Jl ^5^1 it^J^lj tjl-LsIlj tjVj^i 
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Artificial Feel Systems cT^t "U^l 20-5 

J^fl^ll ^Jj^ J^*^' JjJu ojJLiJlj j«jC>el]| 4-«Jaj! UJli> 

^^1^1 ^ JLijilil ^ AAiajt ^TJ^J •^^'^ ^.^^ 

jj*j>Jl |iLlaJ ^ .k-jSfl J : w 11 (bob-weight) cJjIj^l iiiS" ^ .7w7j 

il ^ (inherent) <JU^ljLJi ajJI j-Jl 

il> ft ^ ./» JLai i^^y>- SyQaJ( O^'^^'j 

A^JoT-j a^jc^ <-^^ 4jJL>cjo cOjl^^i 0^ '^3^ <>^J^>^^ aJLiS* 

.P-51Dj jjlil^ S^iyi ^ (^dj^l SjJUiJL oUX>J OjJb 

tjJLjJl iiU- tt-J>-^l ^^llil ^L-jJl i-JllaS UflO ^L"t 

SdLj UojJl 3^*^^ aJxSj fi^t t,^JL»liJ JLt SjJ j^aJl 

j2;-o <L>tjLJl JLiJi 0^ tj_jJLpSfl jl ...tII <t^Lg^ J'il?- <j^^JLkj8 

Ojl >JI Jl (CG) J5i3l ^ ^jjai J> ^ ^L^\ jL^\ 

j./t'.p :> jp-j OjJ^i . J-t^Vl Ojl ^1 ^t^"^ ^J^' J^'^^-**^' jIjlLs JJL«j 

<i» oL5'^;i>«J UfljJl jW^' t-^^jlJ t^^i J];^^ 

(Mc Donnel Douglas ^j-'^U j5 JJji ijLo S yLkJl ^ ojl j^^l ^ 

jjlifj J VjJLilU ij^jiia^ JbljLoJl cA-4) 
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Jl2i (White, 1950) XB-47 S jSUaJl «L>Jl iid -liJaJ ^J US' . (spring) 

i» j.i> ^Ij^l .Lf9^ (bellows) ijLiUj aj^^-si^ 

j\ jiX>-l3l iS"^ lj^^*,»L> ^L»- ^;S**i| ^JP ijfciLi ( Lh^ ^ Jt^l iiixji 

tB-49 jJiyi iiij i?- ^"jlil «a JUj (Northrop XB-35) tXB-35 

q ^_y-^LJl ^ : */3 \\ ^UaJ ^iUJ ills' ^ ijl yLiiVL) 

c747 c 427 ^.^1 ol^Li* fj ^ olaJ^ citjJb>Jl ol^LkJl ^ ^uJI^jl^ 
c^jLi^l tdUlS .DC- 10 ^•^Uji iiLoj ij^^JL>^^fl ^;:7ji!>Lllj ^767j 

.(trim Stabilizer angle) j^^m ajj\j JjJLw tjl^^l oljSll» 

Ur >>r ^C^y^ (cam) ijs^j J^l?- ^ tOjij-*^! ^0 Ji'^ 

.f^yjA^nS ft^^ (servos) oLoJLk^ ^Ij^bLuhIj 

Fly-by-WIre J-^ jJU jljJaJl 21 _ 5 

La3j ^^^^JLJI J^jJL OI^;^^! ^ - |t.^p«iJl oLaJL»bfl aLSj 

j^Sfl jLkJI J"5U- ^ tSJbJL* Ii^ ^iJLiiJL-^rfl ^ j^^SCJLJI J-^yi-! 
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J^U- ^Si^ o'^JUj jUaJl t(Howywell) C-1 Jj^Uj (Sperry) A- 12 

ciJLjL^^.4JL) JbJl^klj jl ^liaj Oj^ Oidlpj (|t.^>KlJl ^jJa^ oL«JL:>e-<>Jl 




A^dj^. 6l J-^i Cr« '767 ^^ji 2 ^IkU ^ ^1 ^Ad ^IkJ ^L- 17-5 JSCjsJI 

(PogOS) oljJLt.| «fcUJL •J .^^jl ^1 O^UJLo LftJbjy 1^ AAi 

831488 ^ J aJLail ^ ipUaJI o^l) ^UaJI ^ ^>JllJI j-^liP o)JL> 

.(oU^I ^J>^J:^ 5**^ ^ S23lj^ 4 1983 ^U) 

^ j_j^lLJl J-»^ jJL oi jJsaJl A^JLiJ J^.iaT J jl t^v^-j^l jU^ Sll**.bU j 
J jl c-tJUj liii A>t:j>-L jjui 0 ^li? ^ J (. Arrow CF-105 S y Lls> ^_y]lp I Jc^ j yT 
^ t ^/Ul J-^ jJL ol^ ^Ui: Jjlj . 1958 ^Lp oIjJp 
OUj^ ij\la}\ ^ L-U( <iL^j 1954 JlS t (side-stick) ^^U- 

OJbl /L-Ul ^1^^ .(Chambers, 2000) F9F iJjbtJl 

_^JL*JI ^y. JLj>J .(F-8 ,^^Jl) ,^ySCJLJl J-^ ^1 Ol^^l 

(Tomayko, 2000) jSl^yj (Schmitt, 1988) c*-*Ji ^^.S^ ^^l^iJl ot 
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^ LJLp (Sy^^^ 767 OA ^ ^i.^j>^l JsJam j-fJ^ 'J^^' 

jLkjl J^jlJI cJlkjj .(17-5 JSLiJI) ^Jth^ ^^SLJjjJLa UajJ 

J:LJ\ ^1 JjSfi a^ytJl syLi. ^ 777 

JLl ^^SCLJI J-s^yij Ol JUj jI t777 ^ oM*^l ^Ij^ 

4A320 ^Ly] ol ^OJI JL* ^ S^y^ ^_/iLJ\ J-^^L 01^1 

.cjyi dUS A340j tA330 

^Ji^\ ^UiJ vW-V' iSj^^ (Osder, 1999) 18-5 J-5LiJI 

J jVl PFC J^l ^yj .777 S ^ o^^UJLJL 

AFDCj cii^^b "^^.ji^^ ^^S^\ o^>u-tu. ACEj oi^L 

FSEUj tA^L^^I iuIitJl PSAj jLkil oU^l^-^.JU. 

SjJULlI ^Ll^ ^ ACE J ^LiLjl ij^l Ji^*!/ .<j.>JLiJI j«-S:>i^l olJb^^j 

J-^^L| 01^1 UIdV h^j2 (Mclean, 1999) ^>Jl^L. 

: JL tA320j 777 JU. j^^SXJI 

i^Lj-Ul Ljjlj AjJL*- 3jLj»h CHjM*J* ■ -yT-^j ... [777 ^^^^1 

juIaij (fbw) t^^^J^' J-^ L>>,rt^^' 2:*-Ht •'k-ji 35 i^iL-Jl 

(roll/yaw) ^^/^il /4>' ^^^zS' j>- Jii ;.i J^l ^ 4jJLJl2iJI 

JUJbt ^ » (jJUl) (yaw gust damper) IiLi,ajJ1 
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^ ^1 ^j^mJI ^^JD jmxmu ^^^LJl jslli ^1 jJ9 ^Uai 777 

^ gjj^ J^-^ i^a^ (Sj^ SiLj J^bi- ^ s yji^ jWs^*^^ «>■ 

^ C^j^ LoJLiP (^,^1 AijIjiA^ jM^^ ^ *f 'HJ^J ^^Wj 

. (sidestick) VfiUJI UojtJL ^^^ow ^Uai ^|JL»^I ^ . . . [320 ji^l^l] 

i9L2>-l J^jiJ « jt^i ^.5^ ^kiUbUI ^Uaj /^\ jJaS\ ji^ 

^^^L-Jl iJL>tj . . . (flight envelope) d^jt^^ i|jUj*J J-«L- 

Ja3L»4 ^JOI Js-^ *^>d . . . . 35 JLIP 

[ ^1 ip^l] VREF J!A>- ^ UJ ip^L f UaJ 

cCfUaJ js-^ai^^y^-^^bl^-^-ol;^ 

.f IkJl JXi5 S:»tp> i^Li^l 




^^^j-^PFC . 777 18-5 JXill 
«,ft..<T PSA c jVl jUJi ^.JL. AFDC 4 *i jiJC^I ^LJ j yXiJ ACE 
. (Osder, 1999 : ^) .iJj>:S:J>l ^i^lSlkJl SOa-j FSEUj tJpUai-^l 
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ij Jjil ^ j^.lflTj 777 jjLJ* ^'J^ *^ J • -r^' (,^^JL-JI 
Jkui jJUjj -tijl^l ^iijl (PuUout) t^^UJI yiiil o*VU- 

(McDonnell Douglas c-^Jj^ F/A-18 ^}^Ji i5L» SylWl JiJ 

oliJ JLii .01^1 j.>5;ii>J o^UJLJ ^liil oUjL k F/A-18 Hornet) 

jl t ii^pdJI ^Sfl c-Jiil ^ekJ F/A-18 S ya2it ^ jLkil o'iU-JL. 

(dual solenoid- JujiJ oLoLg-i^ ^^^1^^ j-«^>tj» j!>U- 

.«j^5XJl J-/»jJLj Ol^^^iaii* tr^t^^ tIJL* JiUjj t control valves) 

iJU- Ja2* jUftJl jj^l^ Ji-a JttjiaJ pUaiJi lJu ^JL^ ^! 

J^L^L (General Dynamics) (F-16 Jl S j^LW j-s-kJ 

(servo oLiJLi«Jlj o^jUJLjl J^oLilijl iii-lj-jj t,jSJLJI J-^>JLj 

iij^^ t actuators) 
ja-i J\ J->a»)fl JLp JL:>-ji^fj .(19-5 JSLUI) LJj^l Lfr. j^JUii 

ISA Wl-^l ^ ^1 i J-»HJ -Lf^ J-^I ^y^^* j:; 

Jii.!L*< (servoactuator) ^jl^caJI JJlJLJI ^iJLstai^l tiJLIi^ 

t(CrummanX-29A)X-29 ii-^l syLkJ Jjt 

^L,^ <Lol^i^| oJLPMii o^UulLjli AJLilSLs Ji (Moog) 

.(Lavi) 5JLSl^)fl aL-UJ| S^IWI 
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Jl ^ A J\l> Jl ijju (ISA) J«lSoL« ^Jlit JJLil jLo Sjj-^ 19-5 JiLiJI 
IIa pfQ..^ . (National Waterlift Co.) ji\ cJJ jS jj JUj-iU iTyL i-ij^l F-16 
^LaiJA hlJc}\ jAJiJlt |iJL»^ J .(_$^XJ) jJL djljJail jA JJ^I 

.(oUSif 4r 423(^ c 1983 S31«83 
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^UiJ (Northrop/Lear/Moog) /jJ /i^jyjy cjiSjJ, ^» .^.^T 
>T L-U IjLi- JUJ (B-2 Stealth) tB-2 ^1 iiiliU 01^1 

^jJa^ V*^^' j^ljt J— .|»-5l>i^l ^J-^ 

^jJa^ ji (SJLaJcJI oLijJaJl ^1 oLbjJLmjs alii |«_^#bIJ| 

(redundarcy) j\ a jl^^ j oUJl*^ ^^yip oLJ ^is^ 
5jJL»iil ^jjijj .o^Ui-IwqJJ jj^^^joJI oljlij aJIjLqjJI iSJLpJl 

(Schaefer, ^liJ? ^1 aJL^ ajj^ ^ ^^jt^ ol y ^Ijl>.i^L) ajjLLi 

. Inderiiees, and Moynes, 1991) 

j^^SXJl J-^^Li Ol^^JaJl VA-^ J-**^ t^-^' olyU* dUllAj 

j^jLq JL-j-S" jJ J c (Mc Donnell Douglass) C-17^^ i3Li : LjJu> 
L-.L;/Jjj t^jlJuJl ,/i a II lij-Sl^j tF-22j (Lockheed-Martin) F-ll? 
aJLjLLqJIj t(Antonov) An-124 tijJ^lj t (NASA/Rockwell Space shuttle) 
j_^bj t(Tomado)/MRCA jiLJjj_Jj c (Eurofighter) EF2000 ^L^jjjVl 
(Saab) t-jLi'j ((Rafale) Jliljj (Dassult Breguet Mirage) 2000 ^Ij^ ^^^^^ 

.(Bell Boeing) V-22 J^jj tJAS-39 

S jJLaIL ^S^\ Uaj] ^ 1^1^ 4,.^ ./!■> J^'LLo 22-5 

Remaining Design Problems in Power Control Systems 

^ JJj JLj N lilUi .727 B-49 VJ^J^* j^^^ 

((Graham and McRuer, 1991) aSJ\^ JS'LLb 



^jJLniJI aI^Jlji il\Sci^\ i^>>>»ij 
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4j|^^Ja«iiiI a£ jf- jiju LiJLlP 4^^di>Jl 4jJLjilil ^y^»tjj .SjJLoil 4j|^^i2^l ^ 

^ 0 j5o <j>JllH j^y-giajJt ^l>ll jJLp .i>«Jj 

JiSJLiP vl^JL>B^^ ^ ^U~ha]| Jji^>BlJ ^cIlwJ AjjIj ap^^ 

Li jj ^^^A^ jr.i.'>- ( jl^^iLyii^ f^y* cf"^ JljJb«Jj .AP^^duJJ JjJb^ 

Uj J Mjllilj J'-JLil JlkJ J 4P^;^I Jb Jb«lJ AjuLT 0*yid 

•J^* tj?^' (inputs) o^iU-JU jjl^ 

ol ^UftJI iJLJL- 2 ^Ll» oJLii .SjJUUL UJijV J^lS3l 

ijSCJ jJL*> iic-A^ oJLs^I LoJULp J . ^ n i_j jidi iLs- ys J^U- F-86 ijLiJl 

.^a^'i] LeJLljti .li La3j-Li ^S^OJUi ^ ^ jj^ j-A J jja 

aJULLo (O-j^^L a^LloJl o11»Lj t L.^^H ^ i^^L 4j^^j>J| AP^^I 

A-li-ui jIJIaI aS y?- ^ J^*^' J^^J t^^i t/*^^' *^JJ'J^' Afi j*M 

jLyi JJ ^^^^1^1 jl PIO: Pilot Induced Oscillation aip 

JAS- vL-j JJja i3L. l^i^j tiJUJi ol yOaJI ^ JiuUJi 

.(McRuer, 1977) YF-22 ^^JjSj[a J^^j ^39 

Safety Issaes .^^SO^l jJU j^iC^dt ^ ^loVl LUS 23-5 
in ny-by-Wire Contral Systems 

•jujIS' *LfJL>t C-*-^ <J'J*^ oljSUftJI 
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Ifjj^ L^UiUH^ 01* i\ds^ ^JLhJI SjJlU 4^iL!jjJUf!l tJaj\ oLlk^a 

jjj ilj^^Jftil t^^' JajUoil c-*-jLj! jj^ cy"*^^ ''^J 'V*^^' olS'^p^l oilp 

oUr.^oi 4jL«I**»*yij JLA*lj| J Cijjil 4-jL»5^ ^JLp Xj^ ^ Ui^^ t^^^a^l 
OLoI 4^L.i«ai (,5^^J ^^^^^ c)^ "'^^ J-^J ^^,^4^ AdL.^^ A^l^^jjJLlA 

^LaU c^L^Ij dLJjjJL^Jl flkJ SiJUiJi JUftP^/l o^^L^ <J1 

^iJjJLJI ji^>.x3l Jl^l JO ^JLij ^ ^Juu^i^ (^JU (^l 

Uw^fj <Ji}jjj^\ ^isLkiL j^- ^1 j,j:::>^i aUijSf jjSfi ^lSii ^ 
o^^- c jljuJi j . . .Stf— vi^^i 01^ oj.; ■/» II oi yLkJi 

XB- S yliaJI <SJ jjJL^JI S JS'Llm j (Strato Liner) 307 jbJ jjI 
ct^bjj^ jLrj jJ^LaJI ^»iC».iJl ^IkJ 4J( 4ju^| ^ ^jij ^Ijjj 45* oaIj (47 

^^-uL*l]| J^^* kimLS" tB-47 ol ^ ^^^^JjjJUj-II Jaici^l JLiu 

la ; II k-iij-ij jl LbJUlp ^ : ./g !l jj--^l ^LiajJ ^ A 11 trim tab 

(spring tab) t_y-^.Liil Ojlj-Jl Ji5 "-Ai^ Uajl .^^^LJjjJUjJI 

^ LpJLip SJbs-lj 727 sylis Ji^l ^Js' ajjJlJI ajc^^I^I oJlij! JL5i 
720 oJL>iJlJ| aj^^I ij^^JojUl 5^Li»j ti-^jjJUfJl SjJLiij J^I5 JLii 

(last- a c)l>Vl JLoij luvoS c)| .aJLj^;^ SjJS c) jJb LaT j«A oiij UJCLP 

ijSf J 747 jl ^ *jjL»-i^l ol ^liU K^^^y 1^. w .^jt ditch safety issue) 
JL^^y ^W^l olylt oJLii ^ijJb-j *<ij^l iS^Up 5yll» 
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.01^1 OHjVi i^JaJt ^ 747 Lion 

SjUJ 747 5yLl» tji-jiJL^ U-i klfi^jjA ^ Jkp LlOll c^jmj 

4jjj»bJ| JvjJa^I OLkJi '^W-^ fi-^l^l ^lij^^ 4 g li *ti < 4jdL9- ^ 
LlOll JL-j-^jJ S^LU iLDL, I^^JL.- (Jack McMahan) iiL. iiU- LJi 

tj^yl^Vl JLL«-<Jl Ljjc^^ ijjL-»Jt ^ o_).i^ Lojip 1977 ^ 
jJc*ji jL- jLk^i ^j-ia-- J*>L?- jJi-*j ^^^^ 

IJLa ^^yJLp ii^fi LlOll SiLi Sj^^-saI^ ^^/SLi .(McMahan, 1983) 

J-^ *-iijJ 1982 ^[s^ ^ OL^ <j*3UJI oJLa J!5L5- 

t) j^UJl jjiiU JLj j .ji^Ca*i3l 4*iftj! A-Jj SaI*! J jj- NACA ^^i ^^iij*^ 
5al*l JIj jyLi>Jl J-UJI Jl «-i ytiii aUi^I jt jiVl J^l Ujj 

(fully mechanical ^lUiiL iJaJ^I 

j^il jL!L:>Jlj tj-^l jli2i;l : Lfi^ c53JL«i.8 Jia*^ systems) 

01^1 aijjL>Ji uiij^i C)L.t aii-l j^^v ^La^ j jij 

SjJLiJi |iUiJ J^L53I JLiiilj tl977 LlOll JL^jJ syOaJl ;u*3U 01 
t^^^l a1j>[£ iJJut JLiij a989 ^ DC-10 S^IUJ ^^jjJUjJl 

.11.20 S ^ J Lg^ (propulsion controlled aircraft) 

Managiiig ^^iLJ\ jJL ^ jl ^1 Sjbj 24-5 

Redundancy in Fly-by-Wire Control Systems 

Ljaj^ igjjj^ j\ cjL Li-oJLp ^^^-Oj i^Ul cJjJl 
t jl^^l jji* Jj-,flflJl Jj:?- C)l2J^;So C)Is*-J»Aj« Jl^jJ tjj^LJl J-*^j31j OijJftJl 



181 



^JL^I 1999 ^U- ^ (Stephen Osder) j|JL*i j\ JiiJ .ajjI^Jj 

l^lkJ (Frank, 1990) tijl^l cM^' .|»lIiJLJ j_^L.^t ^-5^1 j>» 

.SijiUjl iJUuVl (j^s^ oLlij» tj^liJl ^iaijl 




(Osder, 1999) . ^j>- jl^J* ^ i^V jl >J Sjj 20 _ 5 Jsa3l 



J I jJaJl a^jIj^I A-xiJi (physical redundancy) jLj^aJI j\ ^5^3 1 jl 
20-5 J5LiJl JL^^ .aJj>-JI V'i^' UijVi p-LIi^L t^^S^LJl Ju^jJL 
.^U ^^^^C i^Witr* J^.r^ <^'.rtr^' ^LlaJ |JL>- ilg....^ Lkk:;^^ 

j_yJa^jJl 4_«-j-flJl ^ ej^-ff^ i_->-ljjJl oljb (voting circuitory output) 

20-5 JilJJ! .j^y^XJl J-s^ ^Lj jl^^l UJijSf 
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pLk*l ^\ dUi 'O^J^' t/* (voting logic) 

Jj-|JLij| (^^iLii) LjjJLk>i tJj-^ ^L4»jlaI ^ cULULS" .jj^Ijj 

j^^^ (software) oL^^ cJL?- .^^^I 4-«^t oU-^l 

ajj^j cOj^l c(hardware) jl AjLjAijl jl^^^l ^Iip 

V--^^J ^j-^ *^j-f^ * LT^J --^^ Si^j^ i^^j'jj 

2j>UJI ;JLl.V| t5jl»j -LS*^! fUij J.t,7l ^LJUJi oIjujlhjJI 

L^aJ Oj-^ (5^1^ J^l^ ^ ^LkJl OjLU Id^ . jjjj ^ o II J 4.Jl>JI <2^Ljjj| 

<,lj\ay^^\\ ^ (hysteresis) ol^bj Liai-*^ JJLoLiij^^l 

^LiJUJl ^jJLkijl ilL^ OjiCj iJUJ Vl^. (Osder, 1999) JJu^j] 

JJftP L^jt J^-^H O * ^**" ' " * LS^'j tO-jli* JiJLjl ^J*^ 

.ojJaiJI ((sensor) oLiLj»JI Jb>I 

IaL^\ (,^k*Jl) So 11 ^UiJl fJL^.i-HL> .(Jiang, 2000) ^U>- 
^,.SL>*i]| t^JLlI (prefilter) J jVl ^ ^1 J*^-U S^U^ (optimization) 

(Jl.uljjj ( A^kAduiflllll A^boi^cil AjJJilil i^L«k^ '^''i^iJ ^^Jj^^ O^^JutuB AP^^.«j>c4 

JjSLtjJI SaLpJ ijiijj UHesslOOO) ai^^ *^ JJ t^^^Sliil ^.^SIl^l 
.(Baumgarten, 1996) l^:^* iJ j>^\ JUa*l JIp jj^jiJl 

OJLjJl jJk jJLj 1*5" IJlaj .^UaJl ^|^-j**:>tli ^Jj^l oljLg±L-iNl 

.DLR jjjUJVI ^UftiUl OljilaJl '^H^ t> 

IJLa C*ij ol^;JjJal3l ^ JbJLjJl t^yllJl jJiiJl t ^ ^1^1 J-/iiJl 
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Electric and Fly- ^^Ij J^^^^ ji^^l 25-5 

by-Liglit Controls 

. J^ISCJL t)'^ iJajL 0 ^;S7...< c)l (^;5U*JI 

Lot . ISA tF-16's S ^LkU JLijt-Jl dLJjjJUjJl ^Liiij cJj^ Lo (ij ila^j 

MJLj jjj ./> . li CjLJLJl ST ^i.li>r7 .mL t^j-s^Ji J-^j-iLj ^i-^J>tlil 4 o la tl 

j\ ijjJftj (j-»Lu-l tjfl ^2r^ (hardware) JUiUJI 
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Stability and Control at the Design Stage 

{«^?^J iij^^jtJl t53^-Ji 

jl^,.ai--.^flj t^_yJj.SL-Jl flUiJ^flj J*j-*^1 J^' t>" 

JLjuo Jj»L5 JLp J-Q-itJ (zero pitching moment) ^^JLp jIjl>JI /jJL-J 
oL» jJLjcJI ^ (extrapolation) ^1 <JLg^ ol^JLiJl ^. ./i.?.,^ .jja. »Ji 

(SJLpL^I aJL* Ijl^ .LiJLi aJL^- jlS »I yk^NI 1^1 

j\ j37.«i^ SjjjiXil ^j^aSUaiJl f-l j27.«iij ^ j^, *JUfl-Sl JtHJ J^'j 



185 



cUj - fj\ jiJi oUaju ^ j t^^^l ^ j^rJl aJL»> ^ j ((layout) 

Layout Principles oUak^l IS^^ 1 — 6 

Subsonic airplane balance ^ I jfUail 1 - 1 - 6 

dUL? .^l:L>Jlj ^1 c5^^l^ J i^r^l '^^y <^ ^ f ^ 

JL?- jl\ j^y^j^Lji J^^' Lf^l C}*^ 4-aL:»- j 4***J 

/.IS iiL^ ^ t v-*^^! t^" ^ C:^^^ 

Ll* t^j^I cj^*^ 'C^^^'^^^ ^^ij^j^^ 4j»L..^I jUJl (^Lij»JI 
ij*-JLi^l a-jlJ! 1 _ 6 J^-iJl . (mac) j! ^Ll>^ ^^^^ ^^^LfiiiJi j^^fl 
.^L^JLIaVI j 4iJiL.«Ait 4AyJiu««JI ^ mac ^ ^ dJL»J ^1 4^^l 

^ j5LJl jl ^yiLu-^fl <iaij ^ mac ^ 7.25 Jbu jl ^^^^j?^ j_,SiLol:u3 j^^l 

j->y- ^ jlpVi Jl vUJi iiUJi 

j^j-SL-Jl jlj-ii— ^fl ij>-ja iii) alivon C)j-i-JSfl oLid 
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. (Ashkenas and Klyde, 1989) *^liSfl 




olS i«-5iJ.I i^Ei^-Sfl Jp (mac) ^^^Cm^Ljaj^)!! ^ jil Sx»m IjlJ) 1 _ 6 Jd)l 

.V*JLJU)fi jt aSJiJtl 3.1^1 

tv^^^ JJ ^ 1910 JL^ J^I ^JUI t JO ol 

jLjjj <^^^ L>.^*y t<Jl>tii oijJw-«Ji 1^ <jLw>-[ oi\^\ cJLj tCUjIj 

(natural stall) ^l^*^' VtHj*^' '"^ oiUip*^ t(BurtRutan) 

^ ol Jliipl tdJUJl^ .(2 ^iaiJl ^;-1p ^LJ( J-^i ^1) 

Ol^jj ol^Us jj-pj .^L:>Jl] mac J •/.25 ;iaiJl ^ i^USfl Jl jLSGl 

.o^^lkll JiJ ^ :>yjl <.li)f 
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Tall location, size and shape 4l5wj 4,4j^ <, JDl ^ ^2-1-6 

15 SaU o-l—m ^jl ^ U-J tj-5lil i^-il?- ^^^^1 

jS jA fJJul ^ aJijua Alh Sdlp |«.?c:>Jl J ( ^^^^ O-L.^ ^ /.30 ^ J 

LjjJi iiikji u^i L^L^ jbjj ^1 a^Sfi i^usSfi ji^-j .^jSfi 

.jijtii js"^ Ijii^ *^W--" 

j^Vl c-Jiit p^>u^ *^L->J (optimization theory) 4Jli»t c'^*' f-* 

(Kamincr, Howard ^j^^^ c-Ji ^|JL:ici*-.L| ^iUiJ J**ia^ ^ 

J J£3l jA ..jUi- Ijju ^ jJl Jb J>J t5 Jijj and Buttrill, 1997) 

SiJL>MJl iikuJi J^b <Jj-kilj jLbVI 0^^^^ (eigenvalues) ajjIjia^II 
^JLp (2)j d\ji^\ 53 ^yiiilj JjVl c5j7,..oll (MIL-STD 1797) 

^ i^j^jjt igij^^ ^t-^?*^ lt'^^ '^^^ -^j-^rj iiULi-* cjl jJLjj 

ijJi^\ ^ Jaj l^j 

JU SJLi J-*kr Jl (low weathervane stability) <jj\a,/i^\\ p-I^Vi J 

JjLJI «-_JLyi c (Walter Brewer) ^Ij L»JUlp ^^MM' oIp^^I 

S^UaJLJ j^lj-A JiJ g^ij-^ t (Otto Koppen) ^jl j^^^jjAl 
Jli 1 1939 f Ip MIT J c^lj jo^'bU j^l^l Jii3l J l^.^ tXSB2C-l 
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ji^ tiiJi Jl.Sfl J>Jlj ^Sfl Oli-)fl J]jj .^:;j*LfJNl ^ -LfJNl 
iijj J-,fti*i3l Lj** 0^ ^\ t(P-51-Mu8tang) gJli-^ SyLkjl Jil 

J-i JLqJLoI Lq CjLo^ 4JLSLij 4(F0Cke-Wlllf) ,/i a ^ J 2? ....fl 



SjJjI-gJl XjlJj^S ijjijlA^fl 4^^^J>J| JL-qJ*J Lg-Jj .k-JJUl ^ji J ji* 

tiju^l jjq i^ji*-^! 0^ (Dutch roll) aj>-^jJ| 

<JL*p ^LjI (L.Eii£ene Root) o jjj jl -"i?*^ Jl^L 4j3 
cJl^ j ^\ ^ ^Li-Vl SpI^ dUi ( jJLi jS J— Jl 

t.,,<dMi>lj Aj^^diMLa ^ jia^J olil^ ^ A3JLl^. aj 4,ft.2L>^ ^jia^t 

Estimation from Drawings f lT* Ul^^^l 2.6 

Early methods J jVl J?l>il 1 - 2 - 6 

SjLp ^ syliail JliLtl o^UJUil J^l-J^j oL-U^I 

^ ol^Liail ^Lw»:>-Vj f-^"' 't*-^' U^-^^ 

iuL ^ jl3 Sjj jyMj ^^^^^^\J j\ ^;j5I**i^ i^J^^ |» ^JL9«J JLiLa J^*i 
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Wing and tail metiiods ^ JJl j ^U>J1 J^)> 2 - 2 - 6 

t (sweep back angle) ^1 ^1 i--^ t^j^i Jl ja 

t^li>Jl] iJJLpJl iiUJl ^^lo Ajjljjj 4 (Mach number) Jil irjJbj 

ia^ Ji J ^aU- 4 jijl^l • (taper ratio) ^ j^^Jl a™3 j 

aJ jVI *±-j>tJl ^LS: ^ (j^^^ (Prandtl Ludwig) ^3 ^ Jd'J^'^ ^ ^1 

. 1948 ^Ip j;HJ^ J ^ji J^* (>" ^1 ^j'j jiJ^ ^1 
Aj>*ij>-'bU (lifting line theory) ^jJl ii..Ju>-\ y JLii c<iJJi ^ 

ijjj-^l (3jJ f>--^' jW-^ Mj-^ cJLS" 1925 |iLp ^_y3j .Ij ,/7\\ ^UJl 
UajIj toA^^ (Ackeret) ii^L^^ SJLiLiJlj jLuJI ^iiS 
t^jL^ (Prandtl and Glauert) ajj^j JjJ^I^ ^ ^^^i^UJl 0^1 oLj^Lp 

^ (R. T. Jones) jj js>- Jij . 1 JLip cJLSi JLi 

4>JLi^ 0 (^Ij (i<-'^ a j^*^ ^W'J ^4^^ c!^^^' 1946 ^Li» 

Xs^ls^iX ^ifl UojI ^J^\ t^Lo ^15 jl 

i*j-Jl Sjjd Oj-^ t^JLil ^Li i» J>« J^l* Lj-il ^ 

. (vertex) 

Bodies ^L^Vl 3-2-6 

j^bUo-^bflj jl^Vl J ^L^Sfl ol^*lii ^L-Sll jJL/lJI 01 

^L* (MaxM. Mimk) ykUiJl iliS^I JJL>^- jf ^5^1 

»j>. Jli» (nonlifting) ^ ^1 UjJL* pL«j>-Sfl J ^ JiJiJl t-i-^ '»i*J • 1923 
4-s»-jUJl djSyi oUlji-j t (nacelles) <:J\S oUlji-j t(fiisilage) sylkJI 
(i^jD) ^ 45 ^ylJLJi ^hUal^Jl jt 4^lll«Jl ^ j^l ^ 
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.J^fjJNl Ajjljj 

Wing-body interference ^^^b J^-l*^ 4.2.6 

JiJlil Jj'Jl-wJ (j-*^^ ^Us>^1j iUailJl oli-^l ^ 

I LiljJ C^^^' Ji*i-Sfl til ^;?tj^fl J ^Ll:>»^l 

(Munk ^ ^.^^ oLLi^ ^ J^*^ j {t-^"'-?^ <t»^ 
^ ^^^1 ^^J^l hj^ (j^ .Momentum Theory) 

^ oLj ^jlp (Hans Multhopp) ^r^^ Jt^ 

^jjus:- ^J^icl^l JjJbilil iJlA jiJu Ji^ J5Ui| Sy*lla]| 

. (strip theory) iaj^iJl 1941 ^ (Gilnith and White) c^Jjj 

iJii^ ;L-lji NACA ^ 1939 ^ j j 
^UJI j\ ^ jy ^\ J-l ^1 Jl ^\ jl\ t^JuIiil ^ ..3^ dUi 
ji*iJl ^j^l ►LjIjNI 1941 (>j .^jaI^^^Ij 

. (House and Wallace) ^j-VI jj ^jL* (>> 

i^^^l I ^l^^J>*ii i*iUJl iiUJl JU (votex system) ^^^-jlJiJl ^UiJl 

^^jSiJ\ ^^jmS\ j\jStsJi\ JIj :^;.^iUkiJl^li*Jlc^lio^ 

.tJU Ili^ '^ti^t '•^ <^^<^ C^^' '^^^ yUxiL 

. (weathervane) dUuL ^^^^S^l JtJ)l\ i^lj ^Ijj 

•Ujli jl ( c^L(>jd 5 jlJUU{ 
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(cross-flow) t^l JlpL*j >'!^*^' f,^-fr^ 

AP^^I ^Ijui JtjJ^ o^^-? ^ ^ JlP 5 ^UaJd A*^LoLii JjjVI ^1 

.Y j,--^ t^^l j^^^l ilJii^l V X^^l ^JL? X 

V ^-i"^^! t^ijj t (symmetric flow) ^Ljlo JiJJ U X-^^XJI (^ijj 

a^UaU (streamline pattern) J^^-^ 

(cross- t^l jj>«jVI ^ jj>- jl V J^ji^ 2-6 J^LtJl 

j^^JLpbU ^Lij>JI oL*-v^ j-j oI^IjlJ L?-j-J« J^^^->^1 Lr°liJ . flow component) 
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^ L^i/i ^^^^^ i (TJ"^^ ^ ^: '"t*** JLLfcfcwJi aj>\ jjJI SjlJ^ 0 
la w II ^ ^Ij-fJl cP*^ ^'J^-^ .(tip vertices) oUljd ^Ll^JI 

Jip oLol jJlII jjJU dUU .ij.! jjJI 01 jji oUcjI ^yti^j^l JaA-^l JIjJI 
(j| js^'^\ iJI jt t(downwash) LJLL- UiJj i>- ji] ^^^1 ^1 

.(inboard) Ji*-»Vl j>J 

Downwash and ^\ j^^h <^ j^^^ 5-2-6 

sidewash 

i^l ^;:>«j^fl ol:>bj| ^ll^Jl _ |«-i..^j>Jl y «wdJL9> ^Jlil 

.jl^^^^fl tji* *-JJLil oUaL-ub ^ t (free stream value) 

^tk— i^jiii- ^^j>JI OLi>»«JLi jj^ ^1 fl ... it (downwash) *j| ^^^fl 

(sidewash) (^L>Jl ^^^f I j .ajIa ^ fi^Lii^ ^^^^ ^ y^j « 
j^ip loJa^i ^ V^^^^ ^ t/^^^ ol^;>Bj*yi 

UjLiP JLLJI ol^!^ ^ail^l oIjJlJI t^i^l L-Ji]( Jli> -kL-Jl ^UJI 

^^liJ-^^iL- 1939 ^Ip jLb cuj>t*v>l 'Aij t^^j*^' |t ./y:!! ^Lu-Ljj iiU- 

./77lt oUaiaii^ 0 ^ii>MJI ^ j JLi j . (Silvcrsteiii and KatzofQ jj:L^ j 
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(1995 (BloyandLca) Uj ^jjL ^^yj^ 4 J?,., Jl syQa]| 

^ LfJ| (.JUdJ ( ^lllil aJL* J .A^Jaj J-A Jij igjJf ^U^jI 

syUaU ty^Wi^'^i jl^^Nl ojL-^l JL^jj t (vortex lattice) oljjJl 
Early design methods matmed - DATCOM, RAeS, JASS Data sheets 

A^JLJLfJi dLuSfL SJLjJL>J| ^S^^\ J j\ j2lJ)l\ Odii 

V^yi tRAeS v^-^* A^^SCJUl 01^1 X^yj tUSAF 

SLo^Ji tUSAF iiiu-J JLo^Ci^i .(>J>-Tj tJSASS ►UaUIj 

t(Heak, 1976) oi.Ui.Jl i,fl,;,/i7l tDATCOM 

oLL/»ljJl ol yiJ 01^ ^iS" .DATCOM ^ ^3-6 J5LtJl ^ JllJl 
UaJaicljl iiSl^ ^Ijil JU^^fl IJL* L. tj^H^lj ^ JSASS 

(Dr. H. H. B. M. ^Lo y jjiS'jJl JUiJ j .SdL>^l oUak^.^ SliSCJl ajuJlJI 
. RAeS oLL^I jJl ol ^^Ja? L-^Sj tjjA Thomas) 

Computational fluid dynamics ^^U^l ^1 ^1 dLobj^ 7-2-6 

* t 

dLalijd c^L^ Jl5wt ^ ^^Sw (finite-element method) a^ilJI ^LjJI J ^ 
J^UiJl jjIp LjjjJlS ^Ij-JI ^ 5 jjUl ^yS3j .^IjJl 

^i^SUj DATCOM JL. 
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^iSLlUl JLp iiL.L.ij^^)fl jU^Sfl ijjj^l t3>il <iiUL^ 

j_yp^^i>t>i JL>-1 t (Sven G. Hedman) ciLaJL* dJUS jLil Ji j .L,ii>ti« 

UAiki* J^aUmJI iJip 4 4iiJL>Jl (vortex latice) 5-«ljjJl iSL^ ^jl? 

.Ul.! KoIjJlJI :iSLJi 4j^» 4^JlJI t(1943 ^U) (Falkner) 

IjjL 4 4^j5L«lli5j^^i ^jJjJl J c^j^i 4-^L-*5>J 4AijJLs-Jl A.j^lLoJl ^^IjjJl (i^^ 

(SvenG. t)L«JLjh q^:^^ Jiii*-*^ J^^CAj ojjlao II J c J.,^tf;oli Jl-w«->*iJLJ 

5JUJI ^ oIjJlII jij^ ^\ .(Rubbert) y:Lij^jjjj Hedman) 

.Young, 1976) 

Vortex lattice methods U jjJI a5wi J>l-7_2_6 

^^la^l ^t->^>.Jlj ^ (4.>Ll>-Sfl (_^JLp 4^1 jJL!| 4.^^ ^^r^ (J-^Jaj ^ LoJJLP 
J.5>Jl jiJlli Ai>MJl i>»ljjJl JiAjj .<1)1 ejJL>- Ji^-i j^yl^^ oiji <>■ 

:1.0A> dj^ Ujlip 4 (Biot-Savart) jUL- _ j*j O^li 



I 7^ I -Vv+ M) +rl-pK„ l + etanA,. ^ 

*(etanAc,J(per degree) 

A < 1.0 Oi^j 
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U>r lJUfc J .oli'iUJI J olkii^ai J* USAF DATCOM Jli- 3 - 6 JiCiJl 
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JaAA oJb>tj |«X>mj aJa^j Aj^rj JLLP oL>-^l ^ ^Jbu (boundary) 

oLj^^L 1 ^ '/tjyu ^j^^ <^JLai>J\ aJ\j^\ (JUJ'^Ij ^SjaJI 

^^-Aj ila-Sj j-fcj ijolj3 Jfti- j^JLp ^jJ ^^jls^ LaJLLPj 

JLx-JI yj^\ ilj^ JLip aliij JL*> Lu-Um. UiJb- ;LpU:>J| 

^bJoa^ j!>U- ^ |»jjJLj 3jJL?- ^W^dl ^>^*J iSJLlP 

. (Weissinger) iij^ ^ 4 (desktop methods) 

^L-^l ^c^- ^J^^^ ;SL-iJ( jl ^I^JVi j^ykA: Loju^ 

4jb|jJJ| SJLi y j^a^l ^Jl^ t0.l'>i7.« a H A^J^^I c,^.*->«Jj C^J^t 

Generalized panel methods S JbtjuJl 4>-^lj^2-7-2-6 

^1^1 JJLslij^ oLL.^ (t^ J'^ oljjJl aSCJ^ JajJ 

tJU^^ QUADPANj t^.^ PAN AIR tJL^i*iil SJbJLi 

_ J-Jji iiLo ^jJ MCAEROj Inc'sandVSAERO ti-JLJL>^i JjiaJlj 
^ (Neumann Problem) mJI ... n oLjLiiJl oJla c. o .^^T .^"^Lpj^ 

ij>-jJLJl ^ ^Ij-JU (Euler) J^j t (Smith, 1962) J-iJuJl 
aJUKJI (Navier-Stokes) ^ - jL*^ oVdLiua J^^j ((Jameson, 1981) 

.(PuUiam,1989) 
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jl^;2Lu**iflj t^^l oL:*.L8 Jj-j* .4-6 J^-i3l US' tSyUaJl 

J^Aj iJljjjJI ol27.t.»li t^»^>«iJI yUij tj^^UJi j^^^l j^jSLJI 

Estfanation from Wind- ^1 JiJi oLkji^ ol^JUDl 3-6 
Tunnel Data 

i-i^ ^j^J .IjdL) ^fj LfJj ^^ji i.JJl^lji oJLa Jbu .SJbJL>Jl ^ ,a\ ./i?!! 

jl jLi^i gSl^ J Ji«iii j^r^t (t^^ p 

j-Jj_S'j iiL^ 4-u-lj3 ^ I j.^-*^ aJI ... q li oJLa NACA c-JjLij jlSJ 
jl Jbu OL...r.^oll 01 j-* ili jSj . 1945 ^Ip (Kayten and Koven) 
. (US Naval Air Systems Command) SiLiil ^ ^ ^^^^\ j 

i-j5Llj A-uo js;^\ 0 Qij.Lli oL-LS (>j^ J 

jJjJl oLw-LJ ^ (Douglas Invader) A-26 j^Li^l j^'^Lpji oL^^j«Jl 

oljLi^l Jaju ol 01^ ^J^^ jy^ t)l ^l CT^-^ 

Oil J^l^l cJl^j A.^jL lj£ ^JLL^I ^^1^1 JiJI 

A-26 5 jSlkJl iJU ^ oUSliJi 

JU^ dUip'yL ^l V^* Jl^l jiiJI g^iU ►li.i.li J-lidi 



Jl ^1 jilJl ^ ^ 01 jJail J ^l ^ai''>«J 

.S I J (Fabric) JU2]| ^iJ^-iuil ^ ^LyoJl 
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d\ji^\ J^l-J^i c}^^ (premature) A ^1 iiLA <JL^ .3 

^ j-SL^I ^LL>tJl f-lj-fjl o^UaJl ^ya^Aj^ 5-JL>Jl ^jjLLoJl! ^j^-oJ 4 dJUS 

Aiji5>J( ^ jl toiji jJ ^ ^Ijl?*i^L jl Jl^I ^LwJMI JiLlJl J^ji^tj J*>U- 



jL5LjSj ^1 jll ^Lja oLL-^ JjUi. i^U-l PAN AIR i-.JLiA 4-6 JXiJI 
.(Tinico, Boeing Commercial Airplane Group, 1992 : yt) J^ISOL S 
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^^ilil dj«n J-*4J (OUajLii]! oJLa Jla ^ Aj] ^ j}\ 

5Jb-l J ;xia3 0 Lp-li^ (Martin) 202 ^-jL« a ^Ikii ^1 ^1 jiJl 

. J:?-*y J iiiS^ oilp^f 
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The Jets at an Awkward Age 



j\jii^>i\ it^rj^j^ ol^OJl *^bl jji^ JLiJ 

^ liJK ^Ji:>^\ J j\ j2iJ^\ ^ Cft^ y^j^ L^jlil j_y^J^li 

JjIjlJI j^^j^^^I jl^;5L-*yij (power control) SjJLdii cjLS^J : Ujk ^^^^^1 

. (electronic stability augmentation) 

;u*UJl olyOail LjJl cJL^j 3^ c^jl oSl 

(hinge J ./i a ^ ^jj_p tFJ-lj (McDonnell) XF-88 J^ja ilL. JUL..! 
oJLa Ojij V'^^l Ls^U i^S^^\ ^j-k^ oti ^ J moments) 
o^U-iuij t (redundant) ^i-^*2flJl i^-UJl jJlsiLjj t^j.k-Jl 

. (closed-loop force generators) iSJU-Jl ^iJUJL 2 ^iil oIjlJ ^ j cOljjSfl j 
^jS 40000 Jl 30000 ^ VW^* oULijjMl ^a^L^ <ii>^j 

^ *— ' <jr*it^ <J^^ ^"t*^ j*^^J ^ ^-'Hj-^^ ^J^J***^^ 
Sijjjjli^l 4^«Jajt <k^l^ ^^^^ tiLiJ t^. llaTjt c^JLiJl oLpUjjMI 

jCij ^ jLyi JS-i Jl t*-J^^' U^'^W^^ 
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Needed Devices are not Installed lej^AJl JSU jJI ^ y ^ 1 _ 7 

ojJLiJI oL«-Cs*j ((redundancy) jl^-^ <-j-jjJLJl <j>-L>JI 

4^;^ J '^J^J-^^ (j<^*-^^ iJ^Lip ejL-u-Sf jlji Ci j^^^^ Iaj-u- JJLjjB J 

U-i ?JJl]i Vju p t^Iil Ui .Oj^l tiJUil <iJK]| t-JLi^ii 

b,.....?!! ^Lt (SJbljLoJl ^JLJLjJI jl^^iLyn^fl A^iutj AJdj^l ajJliii oLa.^>cJ 

F4D,A4D,A3D CiljJLUI ^ ILjJLJI SdL^I ^j^jJI 2-7 
F4D, A4D, and A3D Manual Reversdons 

c ^^y^JjjJUjJl ^Llaljl p-lj-^-l (jyAJu ^ jiL) Jia* aJLp- ^ t AjI JjUi t SJLl:>-j 

LfJ jL^kJl (j****^ IL^y iZji^\^ iitsnj iJliA .|».5c>ci3l 4JT ^ J?-lJi£i 

ij^^*-^ J^-^ 

.Jb>lj oI^ijIj c^J^I 
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(ailerons) i:>-^JLll olijJ ^j^j-Jl ^_y^jjJUfJl ^jlII ^jl^jlu-I jlS] 
i|iLii] Jfti3 c(A3DSkywarrior) (Gunston, 1973) t^lSL- S^Lkjl 

V-JI SfJL; ^LkJ 20:1 V-^l c*-Jl;-i-.I JlSj .i»>Jl ^jJl 
tJb-lj oUjL tjfjJLJI ^.^C^idl Ji^pi^l JjJbu .JLs-j ^UiiJ 40:1 

jf^i^l Vr-HJ <1«^^' tT*^-**^ cr'y^ ^ 

OjJb L:iU>» ^ t^ji^l ^ tiJ'J^I ot tA3D S^LiaiJ 

. (wheel-to-aileron gearing) <j>-j^jJ\ ii^j 2 o II J-ij-^ oi:: -« 

|Jlp> v^i^ L;* 1:2 oliiiiiyJl j^^l iSj^^ Jjj>idLlj 
4 » 1. 2 ILi AjjLija h I. w < IjIjlSjb Aj»>^JLil jW^^ Lo^Ua^ 

Partial Power Control S jJLaIL pi^l 3-7 

OlS* t^ijliJl S^LUJ ^yjil >-T ^1^- jA 

^ jt tijJLJl j,-SC:>iJLil f'y>AS u^l 

IJL^ jl;:^ JliLo Skyray F4D ^^Ij (jiSi^ S^LkU oUJ*^! <ii JjJj .^,-S1:>ijJI 

^ ^^^Ll '0^^ ^ J^^ (rudder) oLyJ^fl iid 
oLfcS' t^.llftTj^ Jii.fli....:7 oIjjIjuj ^LsJI p-IijIj 

i^^^l i--^LjL-Qj flL>tJ*yi iia j_yJLp J^L^ 1? w ■/> J^. Wt) ... . t (recovery) 

^ F4D S^LiaU (inertia distribution) iJlkjJl oIxjJ^I cJLxj?- JLii tJU- 
y>J\ ^,l,/77l j^L-Sfl iJL- J - ^jlII _ olid 
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^ 5— i-J j^>i*JI ^1 J ^JlJL (Robert O. Rahn) 01 j 

( IJLa iaii ^_^-*J .4J jjJLp*]! 5^ ^pJL! jjlj^ oUtJl sLjoMI 4i3 jjl>«JI 

jJl ykj t aJ jji>Jl a5 oUcjLj ( J^*H W** ^ 
JG jLi 300 ^ ^JLoJI 4.^^ Jaiu,^! 4 Oij «-^^JJ jLJaJl 

Nonelectronic stability JjjiSH"^) ^ Jbl^l jl ^ii*-.*^! Jbl^J 4 _ 7 
Augmentation 

OLt tfiLi JLSjj^l ILli J ^JaaLj aLjoj oLJ j AiL^l 0 jJLj ^^^^^ 

(yaw ^1 jjLj\ AjjljJ j_y5LjL^-j-«Jl JLo-ji^Jl p-LjiJ iLJL>^\ JJLLJ oLJjy:5Cjl 
J-p t-^^^lj (Roland J. White) ^Jij JlILJjj J-J ^yL>JiJ\ t damper) 

Jj»Lp*>» ^ JJ'J^ ti'J^* (rudder tab) oUJVi ii^ Jf>«^ 

jt J ^ .t. o ) ^j^yi Ol ^^'^ .t^a^n ijli^Lj (bearing) 

J-gjJ yikp JL-j Ojlj-Jl OU tjLJail IjyA^ fj\^yij JjIj^ 

.(1-7 JiLtJl) J.^fl»il Jto- ^Lol Aju^jiA Ij^ju^ bobweight J-Uj ili^ 

^ JL^LLLfcJl J i5 « li ji^y^ t (eddy current damper) ^^IjS 

. (tab rotational velocity) iJljjJ^l Ojl^l 

(Dutch roll) JijJLiJ^I i^r^JJI jIjiaI j! ^^^U jIjia^ syliail ^ UJ 

jyjLoj mJLzsu Lpj^m^ ^{Sj^ tg3 j -fcjJi ti-jjLii <^>^ jj ^E^jlij 
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oLiI dj\ j-«Jl ^ jjCLj ^\ jjJl jLjlII JuJ^ d jJLi . Jjl j-Jl 

tJU- h] ^Jlc-j .^UJl ^L-jJlJ (_$ij-ftjJl ^JJl ^ j*^ ^ jj^' p-f'^ 

- jLdl JUJ^ J t/^^*-!-' --J*-^' d '^'^ i^^^l 
.Jij^L Q^Jj*^' (jJ^ lJjIj-JI olil ^ ^IJjJl ^yfc 

^ * :Uj ^jJjI JJ JjL«^ 4 1952 

^jl J <^LSL^ fi ^LiaJl (J:ij^ Vitter) 



4^"^ ^ (A3 D Sky warrior) (j,— ^ — ^ , (^j— ~ 

^j)ai^ JUJ^I ^f-^tP-j (bobweight mass) lJ jlj^l Ui5 



(bobweight mass) lJ jlj^l UiS" djj 



*J j^jJl J-«L>E_^I ^t_>t>-j ( p , —^.7 




Ojl ^1 J^JLiil ^ . B-52 S ^lUl oL^^fl oU2.ly 1 - 7 

B-52 : ^) eUV) iijlj Ojl^ J-^ iJLi^ i, :M;;o ijj>J) i^lj>fL» ^^iiU) 

. ( Training Mmual, 1956 
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^Lkj LjIjjLUj j^^l^ ^Uaj t^l A:>-ljj dUj A3Dj 

JSLij g^^i jl iy-jdl JUi«j- tj^lSLJI ^UiJI 

jLjJI JLam A-JLui Oj-Ju lij j! c^jJL^I ^LIjI i»j fl o II j^yVi^Lj L^Uia..^l 

.-oUjIj tij^i Ojl^i 

(Roland Wright) clJij JU^f j ^ iiL-j 1994 ^^-i ^ 

B-52 s yiiaii ju^ ;iji>ji ^ ii^jb- t^iJi i^^i ijla jl. 
jkij ^1 jju; iisS" ^ ji 4^JL>. dliU J aIs'j .^■„,.>i-juii 

A^LcJ fiL>mjVl Aid iluJbJl ^^y^l5L>oj^^^i3l aL>mjNl JLqJS«^ (i^^ 

oLyJ*yi OJJ JUJI 4jj\Uj dUi JxiL ykj ,Lm\J&J\ oLjJVI ijlj Jlk. 

Jj-^jji ^ \^Afi- (torque) ^jp J-J«j ^ tij^^l 

jl (sticky bearing) irjiil JU'L^I Ji» iXJlSLJI jsl^l JjU-ij cUy i^Jdl 

j_yJl*> ti^^vail oL>»j*yi AjjIj JLgj>t>o 4^^^ ^^^^ 

OL^ t B-52 0 ^IWI iiU J .AjlJLLu-L Ijy jl^l JL^l t LJ j ^^sS^l 

aUjVI JU>BiO ./I* ^|ji>BLuiil ^ ^ ^^r*^ ^ « (powered rudders) 
.B-47 S^iyi ^L>^ jjkJl j>:JlSL.jj::S:J)fl 

oL>j*yi JutJ^ Vt^y *u*^J* iS"^ 5JL?- 
aS'yi cJlS" jSj .(Spcrry) A-12 ^gj^ S^liJ ^^^1 jUal\ oU^SCi ^|Ji.L-.L 
(Dogship) DC-3 (t.-*;^ S ylUl jL^L c^^^*^ Jli c^jt^ v 
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A3D 0 y Qail ^JUi y ^ LpJLIP JL:>- J-^ f J** 

^jJLtj ^ isj^l ^TJ-^ ^j-*^^ A3D o^liaj J? jx^Jli i^^^ilj jLl^*^l (^jLJ* 

aJLJI oLi^^i*-JI ji jLji^^bfl 4j ^j-Sj t^iil ^^it^.lali p-j^-lJl tbU- LsL-J 
oLjJ^yi ijjlj juioi CjI^ tA3D syUftJI c*jLj.iu-l .Ljj JIj sylkiL 

6y>^ .aJULq AjtjJU O^Ujlj oL>cJ^/i ^Jl^ J A-12 |iLlaJl ^ Ot 

jy^U 01 . (gimbal error) *^*\jli»)fl Uai-» ^^^^ Lo Jl ^L^^^fl 

aJ j^L5j 4^ ^ Jji^ 0^ * jW^ ^"^J^ J-* A-12 ^Qiiil ^ oUej^fl 

i, jIjJlII t-JLail (outer gimbal) jLU^I ^ eUiJVI ijjij 

^ ^Ij^l ^J^J «<^J*'"«^1 JbJbvJ ApU* J^IU> ^ La^^ A^KKwOj 

SiUJi 5j>-^jJI UjJ JLiP .Ij-A-^ tijL-u (bank angel) 

aL>*j*yi iulj Sf.|y Oli oU- Oljji til 'AiP j\ ijv^liJl (chandelle) i^^*-^ 
.(2-7 JSLiJi) ^1 >>JI JUJiJI oUjVI Aij\j Jfi aL^ML .^Uai-l JaiJL- 

JSLiu A3D Ikil VJ^" y.^J o^?^ ^i^' ^Uii-Sl ^^-i*-^- 

^ jji^l .1/1 oLJ J* JiiU iJ'il J* ■ JL^» (Gimbal) »1 (•) 
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ojjljuJI ol ^LLs ^ J^^' J t JljIji^I jI ^^ii-w-Vl (Ji^ Jl>.4.^J oljLil 
SJlj^j 6UJ!>U ^uljJl j^U- ' (SDEYRG) t^jL^I 

60 

<io„ 0 
60 
120 

tao 

-ISO -120 -60 0 60 120 iSO 

U j>l iJI JS- t A-12 oUVl jjiU. ^jUt-l jQjjU (gimbal angel) jU»)f I U jj 2 - 7 JXill 
ajjIj iJLsiLio .SiU- Uj_)j 4:*- ^jJI jup tjAi jULl jli?)!! -^^^ifj ^ ^jJI 

s ytUi d^iU-l L^- c....... ^ jl3 Jp Jj-,.i>JLl ^jLill jQ»^l 

. (Abzug, Journal of the Aeronautical Sciences^ July 1956 : yd jjijj A3D-1 

JiAj . (AIM-9 Side winder) jJujjJLL- ^jjUaJl Jl:>-1 ;ja t(^^^>tJl a^JL.V| 
^ J AJlyfc oL*^ (flywheels) SjUf *Jl j5 ^ ^jJl JL.*>*j jjJJJjJuL- 
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^ jjp 0 ^Ij^l {[/^^ ^jJl olid d aJILp 

JLl^k^uo ol jjL>clj l^ ^ ajUail (..^IjjJl 

Gnimman XFIOF Jaguar XFIOF jl jTU jUj^ 8 ^UaJI 5-7 

i3 ^1 ^1 ^Li^l old (Jaguar) XFIOF J S yLkJl ^iJl^ 
15^ iS"^ oUSC>J (Gmmman) ^S'j-i JJ iJjU^ 

jij^Lr s yiuj j^aVi c-jiii ois". yiidi sylwi a-is" 

j^pt^ ^ 4l ../ifloTfl (streamlined pod) 4-jLu«JI 4jj1j»- ^y 

>^^y diSj .(3-7 J5LtJl) t^dj-jJ( c-JUI w (pitch) ^^j-iJl ^ 

J::lu^\ ^IkJl iJlA JdUi J XFIOF 5 ^iUi <^iJl 
jLlSJI |tJC>^ ((tab control system) C)j\ytJ\ ...t 

jl ^^*^L i^UJl XFIOF S yUaJl c-JJUl o*^^^ V oJli" cJ jil 
(^JUlj (all moving surface) ^^^li-Jl ^-«j>- "^^^ j«.5C>6ij|j 

•AlP 4ji3 Jy^AAAil ^ jj-"-^ J ^-^^^ JLdii Ljcs^U» ^^^^ ^ 

.4JU ^Lb ^LSjIj (transonic) ^^j^^-*^! 

XFIOF syLkj( oJLii c<j^h>ilJI ol jL^I vl^Jb:- 

jLSJl ol ^1 4jU^ ^JbJ dUd J i2>Jl JLip 5 yLi2]| cjDI J ^1 

^L^\s 4*^131 ijul jLi^ 5jSLi» ^ cJL^ ^! asLiu. J . ji-Vi 

J[ IJL* t^dl JLSj .iLiijl ol* ^^1 JLIP ^^a»rU)i ^^w.;1bH dd ^1 ^^ 
j^j^l-ilj .ijlfl-i^fl 40^11*31 ^ tt^JUlj tjLkJl Uft* iS"^ 

^0 ^ (t-H*^ f*-^ ^■^fl'i^ull 4j^^^I oLp^^I JLlP 4jL 0 Jjl^^l 

.1^ lj'^>'>^ (^^^ jl (i-jJJl J^J^Ml 
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^ISJ- v-iii aj jU J> i^j-i J S'JlSl-J* XFlOF-l /Uail 3^7 JXJlJl 

Ojijii ^M-b i ^ JSC>ii J.sfliU:3.i iUll jl:i5ai|»-->.'*J^^'ii^S^^j^l 

AjjU.) ijji^ jHiC*iLLi j^JLJi w jUaJ) -ts^^i v-jJUi j> 

.(National Air and Space Museum : j^) 4«iL.JVI 

^b^i XFIOF ^yrllail ^li^l -kki- liy^l ^')L- ^! 1^53 ^.U ^> 
LLUa-» e ^UaJl jJLlw.J .ii j^>ti^1 ^1 yuJi (variable-sweep) ^! jjJI 

(steam catapult) (^jU=Jl j JsUil ^la-Jl olS ol ^UaJl o!^U- J j 

.l^TJpj Ol ^QaJ! ,y XFIOF c-JJUl viT S ^llaJl jus:] ^Ul 

Successful B-52 Compromises B-52 ojSlkll oL»j^ ^UJ 6-7 

*^L:! tl951 |»U ^ (Stratofortess) B-52 ^yj^yl^ S^Lkll 
^jLip 1^jl3 c->ljj*«iil cJlS^ tjU- (^1 .ajLiJI syliaU ^j>^\ 

JLo LpoJli- J-^'jJ »jSUa3l oJl* ^ vl-^Nj ijb^ 'ty-^-T^V' 

t^-lku ^1 B-52 S ^IkJl oU^^ oU^^t dJLft c^^Ulj .laU 50 ^ ^ 
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B-52 2 jjUalt oU^I liJL* |,-$L>dl 'L^^ L^^jJLm 1-6-7 
The B-52 rudder has limited control authority 

j^yJLp Jbjj JJL>- J-j-^ (rudder) oUiJl 4ii B-52 SyUaJl dJUUJ 

7.10 




4 ^LJUl i*-- iiLsa»l cJ . B-52G >?l S^*UaJ) 4 _ 7 J5LiJl 

: ^) iV^I ^^1 i3^j (>i^l J- 7 10) oljS'ifl .1^ ^jlJI oUujjr ojb- 

.(Loftin, NASA SP-468, 1985 



.^^./g/.ii Oji^^i L^?^ t^j'^' Jc*^' iJLfj o^ikJ 
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i» ^^fJl J i-iU ^ (cross wind) i*-^ jjJI ^^^^l j (assymctrical thrust) 

t^fJU^^I ^1 .o./** c)l (George S. Shairer) 
Js»^ iL>^ ^Uij ^JLi Jj»Ji ^ *^JU .i-^jjJUjJl o^UJLJI 

J*:>- ^^^^ .(5-7 JSLUI) JbUcJl iaiJi JLp ^L^ji 20 ^ JL>^ 

tijL-J (bank) Oljjdj J'^JjI IjIjj JIip Groiindroll v^j^l 
.n;7...j^ X^^^ ^W^^ ^ ^ ^ ylJajl ^JLiS^T J 

^Lli^I ^ ^jlII W..^7^ ^szMjs^ ;LJUj S^LkU 01 

•LfjVl (^^SU: f JbJ dUaj oL>J*yi i>Jl« ijUS^I Lu J'^UL 

T1ieR-52eleratorB-52 4AJb JbJM 2-6-7 

also has Hndted control antiiority 

JIp JUIujj .oUu*^I iia US' ^jJl ^Aj^ B-52 S ylkjl ^ii 01 
ijjl^l J>^t ^ (adjustable stabaizer)JjJL»iij JjLUI OIjj*^! ^J*- SJLpL-^ 

J'iU- ^ B-52 0 ^UaJl Jj^JLjtiJLJ JjLiJl Ojlj-J( JLwJ 

(irreversible screw ^^^^ j^J-^ ^ *^*^^JH (j:^ uii^-^-?*^ 
liy^^ Gackscrew) Ojis**^! i^^^l ^^^>mJI (i^-j . jack mechanism) 
(driven screw O^^i^^JI AjJUJI j^JU (live nut) i*-^ljJI <Jj » ./ill ^'Sfl 
i3j»-^ JS" (control value) ^U-^l J**-^ .(6-7 J^l) thread) 
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. (contf ol yoke) i>-j3^l jLkil Sa^^l iu^LJl 

^tk--» jLla^I J-,A>*^ t)l t (redundancy) jl j^iil lJU JS" ^ 

t5jl ^\}^ J J»j-^l iJl^l B-52 S jMAl JiZ ^ c JjJUiU OljlVl 

J^j^ la..^li v^Jllaljj .Ojlj^l y* 01^ Un§^ Ja^ ^t.^>sdlj 




Jp i,^|^5U:p -V^^ ^ ^ B-52 syUaJ^ 

i^j^l J j:^ .UU ^Jl .U) 4:>.| j:d « ^LJI J ? ^1 aU« .J^ Ui^ ail 

. ((Loftin, NASA SP-468, 1985 : ^) aUl 55:> Jl ^U-l 



The B- 0^ B-52 4^>- oUjb t^jJLil 3-6-7 

52 manually controlled ailerons are smaU 

.^^JlJLSiJI (^yi i Sj^Jw? (ailerons) olij B-52 o ^LkJl <^ jJ 

(span) Lg^Lj J t ti-^^^^ ^ j ^ ^Jlil oliJJ 0 ^^^jj 
(f^ler «iL>- ^^jlJI oLij ol j-n-JL^» cs-'*'^ J j-ii' .UbjJj J j-t 

LLJl Q^la*Jl (>»3j j -isr ^jJl olia ol j_^1p ^^-^LJI OJI j-*JI ^I JL>Bi-y-l 
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^Jih j_yiJl L^ljLi[ j_yJLp (spoiler actuator) ^1 o^iUJLa J-va>6jj .S ^UaJLI 

^ Jj B-52 S^^LkJl ,_jJU ^LJ^* p (^Ul ;j>- ^jJl ^1 i^Lli: (1)15" 
iJi _pJLo S jL-^ S^^LkJl ^ dUi Jbtj 4B-47 S^^LkJl ^ J-^^l-! 0 j^r^l 
.^Li>Jl jJ t*--^ (—iti^l ^ ajjUUiJI iL:»-jUJl oL>tj:j>Jl SjJl5 ^ 
*B-47 o^^UaJl jJlp Ju^ J^-^ OlS" (spoiler) ^1^1 ^^UiJ ol 

dj^j .JLlJl Ju--- ^_yJU tj_ySLJjjJu^l SjJLiJi |»UaJ SJb^U JLilp! 
.p| Jb- ^_yJLP iflJaUl J <— 'I ^^Ja-^Nl C*i>«J il^uj-o i«-bJ| 




OLf ^ . B-52 S ^Lkll Ojl ^1 ^ia— oUiL>^ jL-J) ^.-w-^l 6 _ 7 J5LiJ) 
(B-52 Flight Manual, 1956 : ^) ui* j ^J^\^ ^ 
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cjJiSj B-52G ^^^1 ^ij-^l <^ j^jJl oLia ol ^^ji-iuo «JJLp- ^ 

B-52G S y LkU Ol^^l JJd ^-^^J ( 1^ '^^l ^U^l 

toUjvi ^ s ^Lkii ^ uii>. 3jjb>cJi 
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The Discovery of Inertial Coupling 

o (rolling) as^- ol ylkJI sJU LiJLIp j .^i^jj 
t J*J| IjLa 01 JS^j -W^"! 6* '-Vh 5 

. (inertial coupling) j^lkjJI Jajl^idl ^Jbj jjSfl Ijy^j^ 

W.H.Ph]]]ips Finds an kjti U^LSC. ^.^..^JLi .^1 .jJL^ 1-8 
Anomaly 

t(W. Hewitt Phillips) ^...-..U ii-j^ Ajju oLjaVI ^^i L^Ijj mj*- ^ 

.NACA ^ Ol^^^lail virf^ptj J-Ju*^ ^^t^i^ 4^'^ J-"^ ti'j^' 

Owl: t[XS-l] 5yLia]| ill-.! LoJlp» c^^^-^JLii ^Ulio vlJU 1992 

Lq5 t (rolling) gv^^ ajL (optical tracker) fSj^\ J3-^>LJ| ila^l^ 

Jj>«Sj ^jsi^ hj^jiJ jlJL>mj| /jJLj aS'^^ • • .oljljiA*yi ol 

.(1-8 JSIUI) OUI Jl (stall) 

ii^JLiiJL-l ^L^l dUj ^ (PhiUips, 1948) tNACA LfjjJU^l 4,;27 S ^JL. 
S^../iSli tl^l oliLJb^ -I AvUJi A^JLiiil ol ^Ul . : .^7 NACA 
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^bj L^L-jJ 1^ NACA ^>5^ - 

L.Ui*l ^.>VI ^Ul ^ JbJLxil Uyu ^ L.J1P ,j--JLA] Jlkxil iz^l^l 

.KOIjjiail ^ jj-L-l cl*j>u ^b;» _^ NACA Ij**-. i^k^\ 

ThePhflHpsInertial jUa«Jl Jsil^t Jj»- cTttM ^ - ^ 

Coupliiig Technical Note 

J ^^L>Jl J ^ <^jLJl X^KiJ^ of jiai>i^l iJLJLi ^iJL>eiu-L o*bfiL>«-Jl 

djJb- id ijubljl A-^L^I 4j'>Iij:>«j Oil JlSi j .aJL-^I Jj>J ^^jlil AjiJbJl 
.iJiiJi i*- jjdl ^ia^-H iJiljw J^U- 4 27 .toll j^i ji 

oljji iJLp jt c4_:>-^jj| i^y? <iH^LJ j2r^ S^LkU (nondimensionalized) 
J>^\ i^^S^I jl^^iL.-*yi ^y. oL^^i^ .A-JilJL J-olSUl ^^Judl 
^Jb-^l L^lwy- ij^L^I jl cy*^"*^! J 

ij»-^JL!lj JLi^l 5^^^«^ ISjs^S oVL»- tSljji^jUl (nonroUing) 

(4Jli!lj oIjjJlII dJju oIm^I oJL* ^ . (Dutch roll mode) ajJlJj^I 

.(2-8 JSLiil) 

^^y^ljb J:;^^ ^ ^^^^ '-'^ (1947 ^Ip ^ ^j,.**JLiJ L»>b>Q oLljL«!L]| 
oUjJ J^l^ cil yJL gy^'^" L5^l iJLiJl ilJUJl sylkJI J-JUJj t-iL-s- 

.dl3Jb Up 
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1.375 



C.G.=.25 M.A.C, 



\/ Oj^Ul350lb. 



84 



,-■1 , ..i_.^tt ^ 



(Phillips, Journal American Aviation oLij ^^^JLiJ i^^-^^.^ Sii ,jfJuJ[ L^-Jli ^_^) 

Historical Society, Summer, 1992). 
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-U -2 0 2 11 6 S 10 12 




Phillips, NACA TD ^) ^.JUl Juj ^1 jl ^1 jjJb- Jp JlL. 2 _ 8 JOJ) 

.(1627, 1948 
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aILmj l^jjss-l J3 0^ j^rtiM^ fj^^ <-H^ iiUJi 01 

:aSL.^I dUj ^ iJAj .1994 4] 

JLjLj»iiljL.jJ*i»UUiJi'^l^jJ t^^iU-Sl J-i^^U. JXJLi 
(Draper) s\jjJ^\ Cj\ ^^Imlji ^ j •'M^ i g 1 w jiJ) j ^ j 

(Bomare missile) ^1 LjU- J-^l ^-*^J 

^L*l^ OLi-JjAj t(Ronald J. White) c^\j JlILJjj jL:>-j ciilJUT 4 a ; ./? ^ !l 
(R. C. Uddenberg) . . ; ojlj c (Murray) (^Ijj-^j t (Dunstan Graham) 
^ J . 1948 ^1 /J^LJ^ ^ jij^ ^ jjct^ jj aI^JLaJI 

(Robert W. ol^ ^^jj JL^-j iS'yiJ gliJI ELSegundo cJ^I 

4l.:sn (Dummy) t^lj jl^^m i»U^J oljLi^l ^ lf^^^^' Bratt) 
.jjja a\.\1\\ Jjtj>i4 ^ ^y^^ ^ ^\^\ 'JLiJii . (Mark 7) 7 iJjL» 

Oljj'iii ^^r<AJ jl.;2n ^ j^^ y ^ OljjJi-ii ij^^y^ LgJLLPj 



JjjJI JL3 jLlajJl Jajl^l j < ^U^J ^^5Ljo J_,^ IJLa 

(Donald W. ^ajj jJUji ^ ^^J^.^ t> <>HJ>^ 

iJubOL^j . (J.C.O'Hara) IjLajIj ^(John M.Schuler) cRhoads) 

(rolling iff ^jJI SaUJI otsl...?!! ljU jlj tj^i jj JLi3 . 1949 ^Ip 
J .i;- ^jJI ^ jJLjJI Lj-i ^Jb oljjliJI J tpullout) 

oliJLjJl J'iU- iilPjil ^ Jliapl C^*JL^ iJWl ijJl*j| ej^l ^3^1 
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. (Rhoads and Schuler, 1957) JVjJ*^! LI jj ^ 5>«jU ^jJl SdUJi 
^1 dUj 1^ Ljiilkp ,^ah^ V ^1 t(P-80 Shooting Star) jliu- 

jjj .(ix-iy)/i^ ^LfrJi JLk*i( i2ji^i iJL:>- s^^^ ;laUj 

^JLil aUJI jJLdI J jVl ^ Ijj^ cf^^l O^- 

(1958 a 957 4 1955 ^) (W. J. G. Pinsker) jLg:,..;.i ^ J-^ JL^t 

.^U- ^ IJL^ iiaxAJ 1960 (H. H. B. M. Thomas) ^^Lq jS j 

4^ LoJ c. ■.■o'>»j Ji A^^Vl apLi^I cJL^ (1956 J^^JLt^j .ol.;.....»»Ji 

The First FUght Occurrences JjVl l^j^S d^lJb-l 3-8 

j^i^l 01^1 Sy. Jjl JLi -^1 cNACA Jli Uij 

.X-3 ^"^ji JLp (Joe Walker) J^^^ J^*^ 

J*^ J (Norman Bergrun) 01 tJ^oj^ ^ 1953 iiJ UJ 

;L,^ oLJ> Ljl^- LjI^ NACA ^ ^\ ^ (Paul Nickel) 

jLii-l ^ 1*5" .Luj^^jLJlS" ^ jijijil SJLpli NACA *ajs^\ oJLD 
(Bergrun-Nickel) JL^ - 01 

ajL^I XS <^ CJL»I LaJLLP L^l^ ^jJl j ^ J^>A ■^W^ 
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^lyJ^fi (pitch) ijjIjJ ^^J^' ^ t^tHJjl^l 

.(3-8 JSLiJi) syiyi (yaw) 

S ^UaJI o^5Li>-J O^jJb I ^Ij L" NACA Jl ^Jiip OlS* U-i j 

Super ^L- ^j-^ F-IOOA) S ^LkJl c 1954 i,a./7r.^ ^ IIa j 
JLip Lfj 0 y Lkj ( cu>t^l JLii . NACA Jl lij jLi? SiLji) (Sabre 

. (Seckcl, 1964) j^^^iVl j |i jl j JU^L" i>c^ ti>-^jdl olii JiL* 

^ t ja2xji iaj(^ v-^'*^* f-iooa s^iyi ij^ji^ 

ij>- ^jJl <iQa^ dJl^j '^^ji 45 ajjIjj <Ji^\ <P*ij>-^l ^y (7.7 <S'Lg-u-) 
^1 2^l^^flj jiij-jVl/jJLjJI :ijLk*j iijLi. ft^ 20000 slug js! t^jL-J 
JL*i.i]| ^ t8lugft^88000j slugft^ 66000 f^jlJS 

jjLip aj>-Ij LoJLii^ c^LoJLkJI cJU-i 3KiL F-lOO sylUI cJL^j 

JL5i Jbtj J^^SlI ^1 JbJl tUajj t^^yiUajtJl iijt^l ^1 

j^jl ti^LJl ^ tsLSJl tF-100 S ^LiJ3 ;iUUji Sl^U^ ..I jip (John Wykes) 

oljlJU»)flj cF-lOOC tF-lOOA olyliaJl ^ X^^y^S Xjj^y^\ <Ju\^'j^\ 
^ ^^J^\ O^^. ^ ^^J^' "^^J 

.(4-8 JdlJl) ^5 ^1 ;jA X»^i^ ol jjliail fli^ C^*^ ^J-* (Jl ^ ^'A^l 

c-.;.^< oI»I jil^f I J ol»l:^*yi c)l* (4iL.>^lj J y oLp ^^^1 SaLj 
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62.5 



148.25 



Bergnim : ^^^-a) 3.5 radians/sec SjjIj S»- jip 

.(and Nickel, NACA TN 2985, 1953 



^ ^UJ! ^Lii^Vl F-lOO syLkU JLkjJ! Ja^t ^1 iiSL^ JlU 
jyS (j^lJo fiLiA UJlip L*A»li Jajl ^1 ^^-^ • 1948 (_^^-*^JLi J^J^ 

F-lOO tS^^lkU Ufli^ ^1 ^^fb ^UJI t>^riaJi j:^! 'd^ ^ .^UJl v-.iaJ! 
(XS-1 drop ipLlu.^! ^ Us-j:>w? 015" ^^^-.SoJl ^^^^ .o^^*.,^H 4i:^jJl 5 

jLJL>tJ oL^i ^\ ^ jljJLfc^l o*>Lj>-*J Oil (^JJI j-«jJl t model) 

^ J jlJiP^^fl /(JJLjJlJ iU^ijici^ c^lii jj XS-1 j.<»jJlJ oLS^ AaJ .j_^^*«JLi 
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F-WOA ^ 
f*'0.7^ hp-32»OC50ft. 

-50 -too 



F-IOOA t>»riJ» 
M = l.26, hp = 40,000ft 
Pe, d eg /sec 
O +40 +120 +2O0 




Ajj]j JLpIj iiiP_)Jl |t ■•ir.,aT J^-Jj . F-IOOA 2 jSUaJU iaiP_)Jl n;-ir.,rt.' 4 _ 8 J^JSJl 
t U r^j:^ 180 Jl ^ JJ U /a:*-^^ 35 Jl ^ hjy^ oU^ ^ i:^ ^jJl J JV^Vl 
AjU-l JJL^ 4whfl;l,l J S ^qJL^JlI J? ^^iiiUi ^ J3l ^1 j^kj .aJL»- AP^^l aJLa 

Schmidt, Bergnm, and : j^) .5^^ Ui^j I4J ^1 F-IOOF Z jSMiU 

.(Merrick, WADCConf. 56 WCLC- 1041, 1956 
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^iUJLi j\ sJLiLj ^llaull iul ^.>^JLJ olkk#^ «:uLj jlaJ 

dUllAj taLyiJNlj ^jJl ^ JS:3 ^L-^ olw^l Lj-i 0 jiCj 

(Richard Heppe) c-*-jb ^jLtiJj ^j^^ ^ 'jy^ olXoUidl 
F-104 JUj^ jj 5 ^LIp ^ yiJNl J jlJL>cjVl /jL.tU olia ^1 

ijjL Lg^ ^ tAju»iu!Lj| ^ tj5*j>ci3lj toLp^l ^ 

^ lUi Lj5L-lbAj^.)ll JiU^I ^ ^UjjVl oVU^j 
The 1956 Wright Field Conference 1956 ^Ip C-jIj 4 _ 8 

ii^^ o^Li» ^ jJU^ iajl^ JjVl j^^l JLIP 

jj-^^L ^UiaVI UJ Jii tF-lOOA ^L-^^ syliail ^yj X-3 ^"^U^ji 

(*-^jJ ^ j'l^^ W '•^^'^■'^^ Jj^l (^^i^^l c)i jJ^ j^f^l 

Jj^ ^^JtJLJ otjb JL« oLa^^ijcJlj (J^jJl f^ip cJl^ olpLi^l 

.i^^l JUipSfl oVUj l^j ^S^\ > oljjliJI 

^Ul:>-Vl J^U- ^ i»Sjl«J! JLkjJl Jajl^l il^Jtuo ^ g^^Ualj oUj-gj>«^ 
Ji?- ^ jJL»u> fjj^ J^}* fj\ LS^*^ JjUiJ .^UJl ^Uaii oL«^^ijtJ( JaLJj 
tApLLvAii ^ ii^Ucjl ^jJl iJlA ^ CL^jJci^\ .1956 ^l^/i»LJi ^y* 

V^Sflj ^L>J)fl .L^y^^iSai ^j-ij^yiL-L. J^j ^NACAj 

sylkil jiX^ij ji^^^^i ^ vi^UjVi jbJbJi dsyiuj 
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(Charles ^ jLJLJ j (Robert Bratt) js-tjj : I ^ 
(fj-i^ J ^ (Mamore Masoki) ^^^LmiLs ^jj^Ls i ^^L^ ^ Daros) 
(John ^jjJSj^ dj-^ • js-^ J-^ cT^ (Dewey Mancuso) j-^JL^ 
»jL> j-L-« j-J i (James Flanders) j-jJU^Li ^j*k^L>- i Gautraud) 
A ^ * a (Llyod Wilkie) ^ ^ jj '^^-ij-^J ^ (Thomas Parsone) 

i </^^ ^ ' ^ ^j^^^ ^ J* J.I J (Wayne Huff) 

NACA i d jLiljjj 4 Jjij i-Ajj^^ ( jULJ ijlj t <^^^ 



-10 

10 



M*0.75 hp=^ 39,500FT 





^ jij <il YF-102 S ^LUI Jl*U .j^JLlaall ^^Ui-JI iiil ^1 Jlil iiWl 5-8 J^l 
Weil. WADC Conf. : ^) IS^[^ ij^ j^i J 3Jt- JV>Sl 3- jljj 3JL- ^ j« 

.(56WCLC-1041, 1956 
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c^l J Jifl- (Charles Westbrook) J jLi ^jm] JS jJl 

Jftjl^l <i W,.t,:ll ^UiA^I cJLfj 4 (Westbrook, 1956) j-^UmJI 

JL* ^-^1 JLip jlSj .Ua>*-i 184 *^ s?^^' 

l» Ol3UljM( ^U^l OjJi-j ^^;^J ^ ^JL>eI«Jl JJ ^ 

S ^LkJl ijLjtJLu-i iiJL5 [ij*- (roll) jj>-jJl ol ji .7^1 

As^ i5 . . . 

jjt oljLi» SlS'Uc^ tty,^^ cJlS" (^iJaiil oUJl^l aJL* 

sytliJl JllJl (_fip (SJbJLp oNU- ^ (Oij^l o*^L>c^j 

" .(5-8 JSLiJi) YF-102 

SimpUficatioiis and Explkatioiis cA j^^^j i^\\9um,A 5 — 8 

f UJI ;ijL>Ji J jOiiJi Jaji ^1 ;uL^ t^^LUi ^ ^ 

^ ^i-'-*^ J^J .^Ja-k-^-oJl ij-^LjjJi ^iLgjJL aJL-^I jA y>- i>LHlJ| 

0 ^^^li ^JL»JI ^1 ol y J^U- 41^^ ^^hj^h' 

i^LjB ^Lijlj tOiJj_*-Jl oljjLl-oJl oLj j-^^ 4JLfl_j! J-Jj-i* * j-^"-^ 

jl ^^iL-.^ i^AUJl L^lAiilj t^lJLijVl J-<^l J^Ijwj t J^I i^^j <>^j^\j 
I o^fl>Jl ^ ^^J^ <JL^^ (j^^ IjLaj ^Ijlp^IajiI J ( JbljioJl 

jjsil S^lxJI oVUJi t >>j-j*53l S ^li ^ j^Lj Uij .i^^ oL>- 6 jl 5 _i 
i-Jl^l o*y^^*^l ^ ^\ oL- jjl ^1 ^ La jLfJiJ ,;^SUj 

.^Ji^Jl ^jfisJi^ S jjUil o^fUJl ^L>> ^1*^ Ja2» J .4^ ol JpLiII j 
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IS j>- ^\Ji jJ^\ U\ Jp (steady rolling) SJLS jj| 5*- ^Jill 6-8 JSLiJI 

jlp aj >ji ajji^iA^^i a^' >.i juu^ Jbtt . f4d-i ^!Ap s yOaJi 

Abzug, Journal of the Aeronautical Sciences, November : ^) da SJU Sj jlj 

.(1954 
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^ij^jgjj ^|^-uwi»^ iijl^fc* P-l ^1 jjDi Jbu lj?Li»- jji^i^l ^^ j yxtJLl^^l ^ 4luii Jjl^J 

c«Ji aj^;>JI oL>-ja oli 45" o^y^U^i J*^ 

^1 iJLJLu JLiij .(Abzug, 1954) aJLJ^I 49-^JL]| tJU»«J i^k?- 

My "^WjJ t5* Ua-uL>»j F4D ^^\J ^^l^— S yLk!l ^^i* 

\^ Ias^j^ 150 A^^jJl JjLju odLj JLIP ^,^^1 ^'j^^^ ^ j>^\ 

JajljiJI k...;?H oLi^" jJy ^ JiSj .(6-8 JSLiJI) 

.(Westbrook, 1956) J ^^Oa*]! 

(Charles ^jjb jJjLUj (Robert Bratt) ol^ ^jj (>" 
ljiJL:-j tijijl^l <j>-j^l cH" <>H iajl^l iJKJL. DaRos) 

j_$jL*di ^UJl jyL-jJl J-«r c-JLkj lJubj ip^^^J o^flJiS" LajjjLp- 

^ Lo J .Aij\j 4-*J Oijjl—j (^jaLipVl ^L»iJl J i>-^jdl J ^^i-^l 

dJU^I 01 Jbu ^^j-*^ (Cecil Carter) yjl^ J^. ..;■■*» o^Ip 

Jja oLa^I ^JdLnja MJUa^bja jl j57,.«i^f| d jJL^ >>J^ J JLSJ j . (Z) 

i**-L* ^(Routh's Criterion) cl^jj jLjw ^ ^'^1 

tt._*-u-LLo JL?-lj Jily 'J^J 'O^J-^^ JaJaj>«j8 ^^^JLp ^j^^ 
oLL- Jo<7...'t AjjLjcJl ^j.m;U aJSj^ oIj 

(Sehmidt, ^01^^ coJU-cJ- JIp ^^^jjI^j LJli» 

J-,Aj>tj ^1 J^f^J^flj ^y>^\ yj>^ fljia:... oil iJUJi Bergrun, and Merrick) 

i^^^l o*ifaL«u« Jj«L^ ^JL».i«J t^ij^ ^^y-" (Uddcnberg) 

O JlSij .|Jb»> Mfliiflk oiWji...;? ^ (aIjIj 4jjj»J| 4P ^^^1) oL^jd 

aLsI^I SLS'UmJIj UojI c^j..MLi J«AJ a^La Ij^ oLkjIy 
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dLjjjBj tc)iy*j*J tOJLwgJ- JJUJ oLj JLiij .F-IOOA S^liaj jLl^l 
S jJlkU ^ilPj ^|JL^«I^I JLLP LfJUi Jyya»ml^ ^1 aJSLUl j|JLl« SjaaS* ^Jb 

.F-IOOA 

oIjLjJIj ijjjJLiI iiLaiJl oIjL* 4jjL>»j * (steady rolling) SjlJjJI h^- 

^|jL:i^L .<^JU-vail F-lIF o^UaU jl^^Vl oLil-lmj ti>-Sfl Oj.;./ili 

(trial and error) t-^l oLLlJoj ( j_^JUj-«J 

Jj>-j jl5 0^27,., oil aiUJi ^ ^ ^Ljj?^ 4:?^^' lH* tS^27,.>,Ji 

^j-s**-^L-Li JL^jui ^ (Gautraud and Flanders) ^j-.jJLi'iUj dj^jL* 

;Um^ oii:^Ui oijLa /Uit .1^^^,15:11] 

.F-102(Convair) S^SLUJ jLL^Sflj (poles) c^UaS^fl 

;LoLfI( ^ L. .SJb- Js^ 9.y>. ^ ^y>^j SykUijl 

F- Sy^liaJU ^jil ^ J'^y'yij ^^'y^*^' oUjL-J (JohnWykes) ^^^-Slij 0^ 

.(7-8 JSLlil) J t^UlLJl 

.(Pinsker, 1957) OljjjJ ^j-S'U^JI oLjJNl J ^^r^jJI 0^ L-Jii* 

tt5>Vl Ol^l Ulajl J US' iJ^^lj ^UJi j^^j^l 
J US' (UiJ AiLju^ iiCu«Ljijjj^l ^jJjJlj (^^1 LoJllP J^^J 

.(takeoff) (spin) Jj>>Jl jL^^*^! o*yU 
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f>*Jl t Jliil lJu ^ . F-lOO S ^LkJ ^,^1 ^j^Vl J:^ ^^•j^'^^ ^jL^I ^ 

. (WADC Conf. 56WCLC-1041, 1956 



The F4DSkyray Experience F4D ^^Ij ^^ISL- o ^UaJl 6-8 

^15^^ (F-6 JLaj UJ) F4D t^l J t^lSL- S^^lkU jJu ^y^\ 015 

^yCwvaJl JLflU^I AiU^J ^ ^Wt^ ^ c)l 4 JlkJl iajl^l Ai5C*L* 

^^L<; 9-y>- c (autopilots) ^^J^^l j^^' i/ '^^^ 

0 jSUs ^\ 4Jj^.«.» AIsL^^ jl A-jjS* jj ^t<A»/a\\ JLa>«iJI ^JLJLw- jTj^ ^<^^a.^7 
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tF4D t-JJUl i-^JLP S^LkJl .iajl^l ti^jJLji- J 

JiLjJ c^Q-Q^ JL3 ^^LJl fjj^\ j\jSi*m)1\ ^ VL>JI oLij:...4>!i 

LajjLIs <j ^^lij tO^l o^Lkil SjjbjB JLjJLp^j JlSjlip ^ .J^LS^o 

F4D 0 ^Uaii 4L>Sl S jjLuJl 3 jJb- JbJL»J 4lSLtu> 01 .i> jJl^Jl oIa J«j I 

iilS" gi*jj-i3 cJl^ t^iil t (Robert W.Bratt) ol^ ^(jJb cl^j 
^UjVl ^ ^ 3JbJ j^vSLiiil ^iS"^ JLkxJl i^f^l o^fiU.. tJjVl 

iULfliii j>j iijj^i t^jLiiJi ^}\JJ^\ jiiji jL^ tii2^'>yi w'Li^i 

J-JUJ 4-ofcv» il^-i-fcJl iiJl5 .o>j^ j\ t (Euler equations) 

oljJ^ AAiJ, J^l cJl^j .^LSfl dUbJ UJUiJI olyji-*53l iJai-^l 
oLif oi*.».,tf7 ^iJLki^l ^ (multipliers) oLjUoJl j ^JIjUi]! ^JtilJl ^JIjl!! 

.P-j^^l jj^xJ *^tji^J CJlS" jjlJl S^yJwiil <*SL)15Luaj^yI^Vl oLoJLit^l 

^ J .Jul yJl 4j|JLj JvLoj C..t7 cJJLfJ (OLpLijj^fl J ^ij^^l oLp^;^! j t j..w7li 

^ i^aj ^JLjUjLII ol jj ^^^^jtSJJ (vacuum tubes) <^ ^^jLqJI oLbI « ,/»]\ 
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(drift) ci^l J (gain) Unjl cSj^^^l JUap'bU WUJI 

oljL2P*yi aJL* Oil .Mjjy^lJl Lm\ jJJI a jJL^- (T t)l 
.OljJail ilL»lll3 *j ^^SLJI flJi^Vl jMj ^43*3^1 >ijif*S3l fjl 

Later DeTeloments ^jt>-^l ^1 

jj>^\ 0\ . (Stengel, 1975) m 1< . li j«-jf-j- ^Lii (side slipping) 
. (pure rolling motions) ti^^l as^ ^jlJI ol5 ^ ol ^^k^^MI 

jLfj^fl* ^llil J./gtfll Ja>JLij .o^liaJi ij^jysbji JiLo A3*^ oii O^fUt* 

^Lj>J| ^ej>-jbj c (steady spinning) JLJjJl jUjJ^flj t (stall-spin divergence) 
j**iJ (hifiircation analysis) t^.n.t:!! J*i>-j C^^j .(wing rock) 
Lljji Oljji ttfiiLp- Jjrly jl ti:>-^jJl ^LjI (jumpphenomon) jiiJI Sybil? 

. (Schy and Hannah, 1977) ^cL^ 

.^77 1 Schy and Hannah L^j |iLi Lu-ljjJl c..j«J!-j c^Lp jljlj 
(Young, Schy and ^y>^\ ^ujlj ^ jl^,.ai^^fl ol27.t. o I iJa^'^Ul olj-Jiiil 
^ ji«Jl 4--u«wjS ijcfluJl C)I ^^^-^ <^ ^J-^' J Johnson, 1978) 

.M^l^Jl J^^JUJI ^ IjiL.^iS* (combination) oLLsjiil oJU 

Inertial fUJl flJb^^^l ol^LU J.fl7,„i>^ Jlk*Jl J*.!^! 8 _ 8 
Coupling and Future General-Aviation Air crafts 

o!5L-UJl aJL^j aSLl* ajI JU> ^\ ^ jy p 

^ J** y ISjJLiJI Lfi (stability augmentation systems) 

oLr^JLil ^LljI syUftii (J^\ oLjo*^! j>* "ijLju t^>*Jl ijJLiJl ^^ji?*^^ 
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syLiaJl tF/A-18A ^^ji JUjiLo S^LU cJl^j . (rapid roUs) Ul»UJl 
(Kinematic ^Ui^l ^1 ^1 ^.;^t*»^ U^i ^ SJSl ^1 

^ LaS^s-^ jl^tall j^. Ut jllp ot n ji IJLa J .ij>- ^jJI p-LlJ! coupKng) 
(fed in) ^ eUJ^^I j ^( ^ ^ ^ t,l^y^J^\ 

.J J J ap^^aJI (vector) as>z1j> J ^ ^^jlij o Jjt>J 

Ujj e-^l ^^j>Jl J ^General Aviation ol yLl> J. 27... « j liL^ j 
^ General Aviation « » ./i < J-i ^ JULdiLJi jhj-aj SiUl jUa--- 
^ ^jJUaJIj 4JU> c)t JLiu (ilLJ' UJjd (3^^ >*J (^d^i ol^^i^l 

BD- Ji>o General Aviation ol ^sU? ^U^iJ l^LLn ^^^^ JJUIia cJlS" 
ju>LlJ| l^ijj Bede Jet Corporation aSjJ. SJLJLJl lOBedeJet 

iuu*^ Od'Jt^i^j Sljjb sylt (BD-10) Ijjj^/I . (Chister-millleopard) ijLjJ 
3000 ^ V-r^ t*-* ^JLi^i-Jj tJLJjLj 4400 cJJj (kit airplane) 

. (stability augmentation) 2 JjIjli ^y5i*i-V 

: 4^LLjJ| jil^ <j> jju c^f JLJLij p« .^7 BD-10 S yLkU j 

ol ^fl 1^lJU> Lo j .oJlIj J-Sli J J o*i?-t oli ^ji^^ « ylkJU 

2^LLj-w- IjLa J-vflJ- ISL? ,y>S\ jl BD-10 ^jJ a ^Lkj iJL«^ ^>^J 

.j^UaiJl iajl^l iiSLL. jjUJ 
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43.^^1 \mj^j Ji^t jU^jVt 
Spinning and Recovery 

^ Lfj oUljji ^ (spin) j^jji^Jl jW**^* 

jLjJ*yi L»JLiP S^^5L-Jl Ol^y^l olji-- ^ 'J^^ (stall) p-l^l ^JUcj 

^^ CJl^ i^^l .(^^I jl Sj^^yaJ J-L-Sfl SyUail cJL^ JjV 

Jjb (geddering or osdllations) oIJIjiaI aJU- L^L^p^j jUf!^ 

^\ ^L^\ ^JJ <JUJ| Ji-JL. ^\ iSJLiLj ^UiA*^! JLJj oW**^' 

J jVl Ol^l f Ll JLl. S ylkJl jL^jI J jJiiJl AjuAf J-Htfiil IJL* ^t— j**- 

Spimdng Before 1916 1916 JJ Jj>U.| jLfi*^l 1-9 

: 1M3 ^Ip J (B. Melvill Jones) 
^j>UII jl^-Vl it^ - 1916 JJ _ JjVl fLVl ^ 
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JL*i slA>' S . (spinning) J^Ail aUj^f oUjIj 2LiiP^I 2UI ^ 

A ^ ^ J^ii^l J W*^' '^'^ (/^^ ^^^^ ^^^^ 

(flat spin) t^jJLi-ui ijL»- Jjl i.jL^j (Jones) >5j-»- ^jUt.^I 

jJLj UjJLiil jL^j*^! o'yu tjiJlS* JLoJ : 1919 ^Lp c, 1 .^i^- 

"^n^*-^ ^'^fr*' ^ 4 (steep pitch attitude) S^b^ (pitch) 

(0 (jJ^-^ (_JjIa*o«JI jLujJ^ jlS^ ^\ ojLjiuj 2530 

cjiS" JJLjJbj .^I ^ ^1 jl 45 yjjj 

^1 j^^^' a- jLf*^*^' J>JI *JL--^ ^js^"^ 

t^js^l oVUJ J>Ji iLj^J j^liJLj tl^ j.X>.iJl > oJub 

Adrentof the ^^>U'I jW*^* M>f^l cS*^^* (J 2-9 

free-Splimlng Wind Trnmels 

1926 ^jj±^\ jL^^fl NACA ii^L^l otju 

j^yilj ol yliai S ^iL«J cJlS* 4j|JLJi ^ . (Zimmerman, 1936) 
Jj^j (A.Hartley) ij^j^ ^ JlHj ,\^yi^ 9-\^\ LjiJi ^ 

du^t ti^jUtiJl oJla ^ jlsIj jj3 (N. a. Scudder) j^^SLmj (Soule) 
:JU 1966 (A.V.Stephens) j;;^^::- J^S ^ LJliaj^ U^t 

jJt^ |ii cOL Jiwij JLSJLju d, « ^ <^ 4^ J>^^ jW^I V 

(K. V. Wright) Cl^lj JJ ^ (RAE) ^^^SOJl ^1 jlkll ;^>. J«J| 
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a] (R. Mckinnon Wood) aja C^jit^ Ujllp . JL^UuJI »UJ1 

s^LiJl ^ t ^L^l ^ (Helicopters) 

oLliJl O ^^iw- ^yi a oUp Si jJLpmJI jLi?-*yi olS j! cJl^ tdllalJl 

Lsl jjb UiJ ^ (Stephen) j^^:^ t J-ysit J^-^h 

tNACA JL5U iJjjJUJi <J^^ Jj»j Jjl ^ 

(J. Bamber) ^^Lj olJLi*!*-! .^iJLit 5 U935 ^ oJLj 

. (Charles Zimmerman) OLo^r^»tL3 j-^ j^-^^ oL^VLj t (R. O. House) ^ jL> j 
(rotary jl jjJt OlyMl ^ I jJal\ j ^yAl oL-LS Ji-! j-A-^l iJuk O^L^j 
. (free spinning) ^_yjjjJLj>Jl jUjJ*^l oljLii-l oL^^L c balance) 
^1 jjJUJl jL^j'iU JbJLyJl ^1 Jiiil ^biit LqJLI* 1936 f ^ c/J 

jsbJi J juJi L.JJ 20 4j jjJUJi ;5 <J^ji^^ Cr^^" 

ijA^ JUjI *JLla OL^j .(1 - 9 JSLiJI) 1941 NACA 

TRDI t^jJj tL-Jji IMFL t^JLjj tii-jlj i^Ltj. 
Olj^l t^^j tlJiiS" ti'^J '<^^y 

M-JjjJL>tJl 4_S'jj>cJLJ ^j^Lp- ct^^j-* J-^ '^j-d lt*^ •W-'^-^j-! ls^ 

Jj^^^-jJ 4-j5*Jialj| »i^^^j>«Jl ^ <JLx-ij iLjUJI ^ ^ '^.y V-^^ 
ap^^i^vAaJI <JjjL>JI is ^aUJ oJL^ji JlH . (Bihrle Applied Research) 
^1 jj>Jl Jjj ^ ^Ui Slki^ilj xj^lj LJLJI c-JSJ^ ^ 
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Ndhouse, Kliner and : ^) . 1940 f ^ ^ t^J^I ' t-Ull ^ jjAJ'V ^ Jl J^LJi 

(Scher, NASA Rept. R-57, 1960 
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i-^UJI JUJSfl cy> iJ^ y^jJ^ ' <dl JLpj 

t3^^^ otrtJ t3j^^ ^J-^ (spin) ^F^J>^^ c^i^' ^^4^*"^^ 

J jUjL OJLi ttjJL>Jl jilJl s-Lj j^^l ii jJi ^ (jiiaj 




Neihouse, Kliner, and : yd UUll ^JlS' ^ <^ a^jIIj U JiS 20 apUjI jJl ^1^1 

.(Scher, NASA Rept. R-57, 1960 
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.(3-9 JSLtJl) Ufljl l^Li ^ (parameters) oik-. ^ iJli* 

(Satisfactory recovery) fX-*^ JVi 

pj'iUl t^ytJl Ji-JLij| J>.Ip c J>J| jL^NL ^UJI NASA 

i^L *y tijUf)! >i jL-^ 5 yliail ^JJ jW**^* '-J^ ^"^^ 

jlS J c (recovery contrals) i>JU-Jt ^ 21/4 

jt SiLijl Uap o-IJl ^2?^ |iJLi«i--ui *y 0? 4j^jA-J( jL^Nl Ji^ 
4 (scale) ^^j-ojJt ^ ^ ji T 4 i ... t olj^b ^^-kJLi Ijlp La (S^LkiJ <jjIjJI 

oLo jJLcoJl oJLpLoj (JJLkIj a ^/t^k?" ^JS^ULb ^,..^.jj>-| ^ ol y^yutS <kwi«ljj 

J-,aij tAjJ^ jLfj'iLi iJLolSJl oljji2iil 0 M LoJii^i jl toU oIjLipI 
.jyjjLJI jLfJ^yi JLail i^^t <ia*LJI ^iLoJI 

Systematic Configuration Variatioii I^s^^il (X^l ^Ijss^ 3 - ^ 

Ji'Llui cJj ii^j (spin) jUfj*VI JL« ^ 0 y^UI *J ja! JLij 
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_ (spin recovery) jL^^fl ^y^l y> j i (entry) J j^J^\ *JU- jj» _ jL^j^fl 
. (inertial moments) iJLkiJl ^ jj* ajj\j ^ i*^*^ J^l tj* * J^»J^ 

JLju aJLjjJp 5y:i ^^»T .4 la..«> jJl ^ J^tjjJ ^tJaJLoJl ^jllJl J^L?- 

jjii>Jl A^l jJ^ ^✓?./»-kJl J LjlS 20 jlij NACA jiJ 

OLpJL^ jt (Veteran) 01 ^^ ^^ jW**^' 

oULu ^^^.tt^ <JLfcjij (Anshel Neihouse) ^ jLf^ J^i j (Oscar Seidman) 
NASA ^LSjj oUa:*-^ ^ t^jl^JLjj . (systematic spin) j^UaJi jUfj*ifl 
I Lit-^j 1948 1937 ^ ol 4.:2?li 
(mass J-aiil ^dj>Jj Ji^; oliiJij t»^*jJlj 1 4 ^ <i la : 11 4_>tij»-Vl 

.^U- J jLfS^fl (j^l ^ distribution) 



(Stanley H. ^ ^(Walter J. Klinar) JcJS *J^i 

i^Uaj oljjJu ^1 ^ ^ jjJ^I jW**^' J**^' Scher) 

f^j^ aJIj aju^I^ (4LJbJl ILJLJI .4k^^l p« .,41711 ^y^J^ 

. (Neihouse, Klinar, and Scher, 1960) 

Dedgn For Spin Recovery jW*^^ p ..^./i.T 4-9 

t(spin) ^_^jjJL>Jl jL^^fl 4_j^Lljo (revovery) ib^Lu-l ^^IjJj syLkJl 
(NASA spin tunnel group) Ly-LJ jJJ *-^jL»cJ ^LiJ i^Jj-J 

t Neihouse) JjSlI ^i^* .^tH JL*I^ ^L>-j» ^] ^ SJp-Ij 4-9 JS^l ^^i^ij 
tOi?..rtL.>t jj-»Li IjJLp-j Lj-J c^JLitLu-l Jij (1946 tPepoonj t Lichtenstein 
Lji c)^^^ (TDR) jl (Tail Damping Ratio) c-JJUi JL^*^* i*--J JjVl ^^^^ 
SJLp-yi jj t(flat) LL>tku- jl (steep) L5-^ jW**^' JjJtA/o 
Unshielded Rudder Volume ij^^«t*Jl ^ oUcjMI iii ji.^>i^ JjdL>i^ i-JlHI 
iii o-L.^ SJb-^l oJL* juijuj .(URVC) jl Coefficient 
cjlj **^Ji* £J^^J c^^l «.-*jJLII c)jl^ (wake) ^jl^- ^ 
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JiJ JJ ^ l>^\ lJj>LL) a^' V-W^l olkW) Jlla 3-9 JXiJ) 

^ ^ j.Uaj .L-ui aji^-j ^ j*j*if ^ aJj>J^i ^ >i 

Lee, NASA ^.^12 : ^) VjjJLJ-l ^^J^' ^l)^. 0^ cr^l (.-^^l 

.(TND-1516, 1963 
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JuJbu- ^ S jLp 1946 ^UJ TDPF JL^»^I Sji J-oU y ol 

IjLjco Jai«*jj .(E. Finn) ^ JlJ ^ (RAE) iJ^JuJl jl^^JaJl i-**-j-o jL*-« 
J^jJlj oUT Jlp o^-^I ^LiiJl ^1 NACAj RAE 

JL;-^.^ oJLpli iJL>tJ jLlJl J^j^ jJLp . jl^^lall s-LIj! ^ J^J^i ^ ^r^^ 

ol Jl^I j>« ^111 e^^LkJI J5L^ ^/Nl ^Ji-JI TDR ^JlSI 

.iJLp jljji ' olij iljji^ ^ t^x^wJg iJjjJL>Jl i5'^,j»Jl j jiCj 




30 





TDPf = URVC X Ton 
5m I, * S, 



L 



tNeihouse/Lichtenstien/Pepoon J c-JJUl n->.»-^ oLiku J—kf 4 _ 9 JOJ) 
.(Stough, Patten, and Sliwa, NASA TP 2644, 1987 : yd i-Jll) 



Jl^ 1946 |»UJ NACA ^ TDPF JUjkiJl S y Ju«Lp ApI y cJtJl 

JlSLlJI) A*v2>t*LJl A*5lJUJl ^Lkj (J^^^ U-::^ y ^ ^^^^1 jaj ^Lp 

^UJ NACA ^ TDPF JL-^ji^jJl S y JuoU ^.^^.^ Ju>l y cJu^l j .(5-9 
oJl11*-I S^'Li? 100 Ju^I o^'Us 60 ^ 1947 



Jl Ids' cj^l J . 1946 JlpI ^ 
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s ^1 dJLL- ^ iULoUJI OljjVl ^Jyj ^Uil Jak^wJI oli ol ^UaJU IjlIo 




aj ;ir ^ ^ ^i^ a-^u-i naca ^jdi oUku 5 _ 9 jsUJi 

Neihouse, : j-o) .^^Ij i-io^Vl 3 ^UaU /«;jL> j S ^UaU 8.6j 150 li-™- 3 yLkU 

. (NACA TN 1329, 1947 



(James S. Bowman, Jr.) ^^Vl diUjlj jLi! a-^U ^ 

^UJ TDPF jL*^ ol ^LkJl oLjj^^ L^J ^1 iJj^^l ^1 

.({^LJI ^ ^UswJ^fl)) 11-9 JuJi J 11* 
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Changing Spin Recovery jL^*^l U-Ui l^LJaiS oLjJ^ 5-9 
Piloting Teclmkine 

Uop .(yj^JL^I jW**^' i^Lju. 1916 iJb- iiL/»j cJL^ jUU 
oLyJ^fL (rudder jl 4-j»- iid) iiiPjJi Juu^l j ^Ul S^LiJI 

i^Uc^ JiLlj Jbu UJ a ^liaJl Oljjl ^* ^ cilii^ 

,JijjL>J\ jLwfi^fl ^"I^L^L? 4>J1joo mJLq^ ^ j^*^' 

jL^I ^ J-^*^ ^jJuJl j-jii ^ <jI iliJi oJLa J-^'^ cM-*-^^ 

Lji^ (ijW^ <-5^* ^ft^.J t . H. ^57 « OL^ OIj L^Ji^ 

Jj-jLj iijJb>Jl (twin airplanes) il ^^jx-JI <-JLij ii-uLiJI ol ^LkJl JjJ j 

Ol^l C«5j JL3 Laj .J5li| il^ ^ -'^^^ ^ t^'*^ 

ijvUJi jifljj tjLfjMl ^^U^l 4^ l^T^o ft! ilijj (down-elevator) 
. (opposite rudder) i^U^Jt aUJ*^! ^Ijl^cLuhI 

Jj^jj 5^Li» ii^ il*-o-w> JLis t(Abzug, 1977) ^p«Jl ^Iij ^jLii- 

oL>-ji ^^^^ai^j S^,Jiv> (Rockwell Aero Commander) jjJDU^ 

(elevator stops) ^Ijjl oLiij^ Op ciUi iiLsi>^Lj .i2-4i 

Jj::»>J 4JL1JI 4jjj>J| J jW'*^' J ft^^^l aJUij 

oL*^NI ijJUJ ii^ ji*^ ^ «^J^ L^J *-i*24 oLr j3 3 Jl ^j^LiiJl 

.2 ^lyi jsLa jixI 
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(ailerons) ^../?t ^^^\ ^^V^ ^LJbJl 4jUiI| o^UJl ^ 

oL^jVI ti^ Uj>, *t^j>>Ji jW**^^ V-L-VI ^.^^^.iJI -UL-j 
(Abzug) cjbSJl li* Jb-l OlS" L-Jipj .jLrf^*^' ,j-^l*Jl •UJ'yL 

i>JL*» i:>-^JLll 433 ^|JLici*-ii 4Li ii-t cJjj 4 (Douglas XF4D- 1 Skyray) 
43d ^IJL>bI^I AiliP JUj jJkj jLkil ijU>>t (4j^^j>J| jdjijdt SJLpli 

i--J t.^.^ '[j^ (adverse yaw) j^L*Jl ^1 yJ^^i 0^ v-^^^ .^^UJI 
2.0 syliail oJiA U^u-i cJL^j] ^'lijjJI (aspcct ratio) ^U-j 

»JLuBJLiciu-l LJli* ajL ^ til ^1 ^^Uiil J-^ljj of (Abzug) LIj ^ .[i25i 

.^Jj 4-w«JfcI *y t^e^p*-^ J^*-4 ObLdJi 

jLjJ^fi JjJbtl] ^"^^ J <5»-^jJ( ^(jjieJLu-l 

i±*jJL>Jl fljJLiiL Olj ^ jji^l Jt'*»^=*^' *— 

mjjIjiaI oI jL^jI «.JL»«j 4L£til JSL^il JL«j>-t ^SIjS mJp S ^ky.Ji 
^ (wild departure motions) iULi- oljj^iJl oL^j-?-j (oscillatory spins) 
jJLLb ^^j-i Lf*3 0 yliail J^JLT (erect spins) <-«JU ol jUjJI L^i-iiljj> 
.jyjjJLJi OIjjJl]! oU-jI JbJb>J jLiJi JliytJ jSj (Inverted) 

Automatic spm recovery j W*^^ 1-5-9 

oUcjLj oUSCfl*j J--kt (Lee and Nagati, 2000) ^y^j 
(angular ^jfjlj]! ^jxJI cjjUjj .S^lkU JiSJI ^jljJl glxJi »jJb- 
^ ^jjA^I ^ i-AJb94j ap^^^I adlp momentum vector) 
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j,j>.>«j ^,^0^1 ^tku- LI J J iU-j^ t (miiiimization problem) a3L>JI jJcvoj 

.j^ySL^lljij^Vl t^j— .j>t-<J( t-JLJl p-jjyJlj iJLjiiil y] 

fJi* iirJUjJ iaiajkj) (Parameter) W.^ ^ j^^-ii«Jl a^p^j ^^^i ^jLp*i**iI 

OLS'j-i^VOLoj^ SjjLiaJ (flat spin) <^j7 ,.. « jL-fJI oj^-^jx^ S^l .^I 
ti^l^ C?'-^' */* t/^' (Gmmman/American AA-IB) 

The role of rotary jL^*b(l U-U^ ^ a^lj^JUll oULuUI j^d 6 - 9 
deri?atives In spin 

oUiJLjl j-fJftjj (dimentioless angular velocity) ijJbij^l ojl^l i^^-JL 

. (spinning flight) ^^^jjlaJl Olj^lail 

t (spinning) ^jjL>^\ p-I^jI ^jjljil oU^^I ^^^j L*«J 

iJLij^i . (unstalled flight) '^^j^^ ^"t^ 

^,J1j>ijJ| oliLJ p o ./?7 t (simulation) Ol^^Jiil sL^Ut^ LjJJ» toVUJi 
Lf] <d.«tfL^ J i}^^ oLlij t.,^^^ iLuljjjJl 
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J-pAiUl p U5 t(6 jl 5) ijjp- oL>-jJb (inertial coupling) JLla*3l 

^5LiJLw- J t (John H. Wykes) j^l jj (Cecil V. Carter) J^...^,^ JJLq t ^» ^ .^a^ 
SL^U^L ^Ua^l ii^tyJl J^^i^" ^ IjJLpL- ^^UI t(LeoCelmker) 
jl 4JljUjJt olyj-L*-«^l |i|JL>tLu-L jL^Nl sIS'Lp*^ I^^JLSijl t (simulation) 
<Jl tJ^^I 2 yQa]| J-^^ C)V jiUJi OlS" J .i*^ ^1 

(post-stall gyrations) JLju Lo oUjjJj L^t (/^^^^^ ^1^:^! 

j^jjJUJI jL^jNI JUjI L^ljd J*-^ (departures) olil^^Nlj 

jJ oljLi^^fl oJL* c-uJL?- JLflJj .NACA (rotary balance testing) 

fljjj Lji^ ^^yi^l ^1 jLufi*^! ^iij 0^ clUUjJ .oI^^ sjlp j^*^ 

^ (Westbrook and Doetsch, 1957) (J^\ ^riA^ i^j-^ 1^57 ii- 

JjlS'jJl jLi (Jt(^UAl9-| ^ (4^LL4 ^IjJ^ Oi2?.t< ^|JL>bI^| 

. (Dr. Irving C. Statler and Ronald F. Sohn) j/^j^ jjj i, Jbiliy- 

Rotary Balances and jLrT^S ^>>J SjtjJJi oUjljU 7-9 

the Steady Spin 

j^L^^ •jij'^ tolj j^Ijt <3*^JjIj yjj^ •^IjJ'^l 

tj^^l^l ^LjjUJ Sjl^clJI ^L5 ^.j^tj .(6-9 JSLiJl) Uij! iLuU Jjlji*j 
^^Ij^ ^ cjIjLp-j 4_k-u-ljj ^jJ-«-5l iiU^^fLj iJLkjJij tijuiL>Jlj 

.(tare) JiLjtJI Oj^l J* Jj-,ai>Jl3 oUjSUl 
Lf** JLj jjiJl (rotary balance tests) J\jjjJ\ Ojl^Jl oljLi^l j^*— j 
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.(coning tests) *i»^yiMjJl OjLi^L 41jLj ,_yJL:>Jl J*^>3Vlj ^jj><-^\ LjO 
j^pvja) ^jjJUJl jL^^fl ^ (aligned) iala*^* Oijj^l l^t^i 

. jiJI ^ p\ « W ^ (5 jSiyi -ip^ gU-i C)\ jjJJl 

UL^l (E. F. Relf and T. Lavender) jJiii^^j oL-LS ^ 
ii*i>Jl ^ jIjJlJI Ojl^l OjLii-l c^jUL? LJUftj^ ^^^i 1925j 1922 
S^^^ iiLLo Jij . (free spinning tunnel) ^;>Jl oijLii-l 

ijrIS JLp JjSfl U^1jLi^-l ^^uu (Relf and Lavender, 1918) U^J 

JLugjieijl i^L- ^li*- OljjJ^I {^ii ^^^^Ij . (autorotating wings) 

.jL^jNI (propelling moment) jl ^3* (autorotation) ^IJUI 

syiiaii ;l.uJj jIjjJi jLii-v j^^^i ^iiJLi^'yi 01^ juu 

^2>JLju« ^2;^^ jl t(8teep8pin) ►i^fJ*^! 01^ lij L. iiyw *ifj 

t ' ' t 

JijJl ^iJbki^L (P. H. Allwork) il j;^! J-i JLJi^l jljjJl Ojlj-Jl 
^^jU-j (Millard Bamber) ij^j *LjU2j^ (|i|jL5! 6) NPL (J\^\ 
^ (^iJLil 5) j^ij-QjJl ^Ij-jJl J-H ^iJLki— Lj (Charles Zimmerman) d^y>j 

.NACA 

(steady oyt^ cmj oV^Lax ^ (simultaneous) 

ifJlJl 4S1u«Ljaj^^I oLia*-J( J^J oUjLjJI i2SL«ii conditions) 

(equilibrium spin analysis) dj\ ^1 JtJ^ ^ ^^^-^ J 
(Sidney B. Gates and c-jjI^j j-JLi^ ^i-^^j-i 1926 ^JD ^^-^ ^j-^ cy* 

^ LoJii^ OL^ t^Ul L.W. Bryant) 
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265 AGARD ijjLiJL^^fl ^ 1-9 JJ^I (WilUam Bihrle Jr.) 

. 1990 ^tijj 

^jLJlaJt JS^ <-i^ »j^p3«lt 3UjUU2t C 

3JJ»j-»J1 E 




JaJV Jl J^' V J>J^I ^>-l Jili jl jJLiI :>3l >l 6 _ 9 j5LiJI 

Bihrle and : ^) .(oLy*^i i^lJ^) ip^^ ^ J..*t li JU.| jl^^I jI jjUI jjl >l 

.(Chambers, AGARD AR 265, 1990 



252 



Rotary Balances and the jkuJ,\ f^l ^*^t ^ I jt ^jJl oUj) jll 8 - 9 
Unsteady Spin 

jL^j^fL i-^UJI SlS'Ut*]! ^jfi\jH (coning rotary balance tests) 

o*yL>Jlj (incipient spin) j^^Lfi-.*^! jL^J'yij c ^JLli^JI ^ j^jjJLj>JI 

pLiJ oLjjLflj J| cjytiit ^ JL>Jl iJLfij c ...J.! Lji^j SjlpL«uo 

jji- ^jji>Jl jLfiMi olS*^ i^L.«»Bj A^UJl oULJl J^i^ 

I^^-Jlj JL^rjj (tunnel flow) Jiiil vW-^' ^ v aW.,/?^ OIjjJlJI jj->«^ 

. (forced oscillation tests) Sj^^-^iJl jLi^^fl oUL ^ ajJIj^*^! 

JLuLii aLj> jj ^;^k*j t^JLJl 4 J^) jilU (ONERA-IMFL) 

20 J-vAj jiJi aUiJl ^jjLjJI 4^ y>J\ jy>^ *j ^ 

^ Liil^ 4jjlj_iA^fl iJjjJL>Jl flj^,iCl-«Jl 0 jl^l olf-tji ^Llj j-j-iaj 
ijdLip'yi S^l Jj»L>uQ oIjIAj J^^j . (flow hysteresis) ^Li^l i-^L*-J*ifl 
_ l::]^ - i^Jln JLrj Li ^ 4jjIJ ^ (normal force coefficient) 

S ^1 Jj"bui (^iju IJu J . (tristrant and Renier, 1985) aJLLi j1»Lj iiL»- 

Lfi^bi-I ^ JS] fyt*^\ ijjij Jbljj J^U- iLjui ^0 

^^UJl jytjJftJl jjifl^ jJ^Liil iSi?- ^^.aJLflijj .^ijlj^l (j^flSbJ JLip 
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t)jij-JLi a19jj^^\ oIjLj ^ ^-tt-^i J--^^ iijiiii iiiii ^ 

^5"^^ (Murray Tobak and L.B.Schifr) iiL^ 01 jj ^ .t, « II 

i^lijdj^.^l oUjl^^I i*..^^ NASA a^j 

. (Tobak and Schiff, 1976) S jl jJJI oUjI jJI oULu ^ Jil^ 

^L>JI Ajjj oyJj .U^l gL*-SJ J>JI j^^l jij a USJI 

Lj-i 0 ^ ^\ I yOail j^yij L-LS 2 yLkil (roll angle) Ij>- ^3 ajjIJ J'^U- 

JL>- Wtt^ ^'"'^-^^ <JLuJLuii ^ e J-^^J ^J-*^^ O^Loljt^ ^ f*-^^LJ •^^^'^ 

^Lp (Juri Kalvist) alls' {S^y>- J-J jj) 4jL1Lo ialai^jo JLaJj 

^Lp (Martin E. Byers) j^^L j Ol^^^ 1978 

JLp S ^Oaii JISJI iuljil ^37..,.flll5' iaiu-I .IJLI^ 1995 

jjUmJ iiiiis'j tjijjJi cjji^i oULj ^ oii-I t^j^Jij tysj^yj^i^i is"^! 

J^U- ^ JiK.t 4i li 4^^5LijiljLjd I oIJLJI (.^.j;^^^ 3 j 2 « IJLaj 

jIjJlJI ^\JJ^\ ^S:...o!i ^ '^jyL^\ oL^^L 
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(circular pitching) ij^ljJl ^^Jl y>- ^^^JLp (superimposed) i-^l jJLjb 
t^^^lj oLjIj^-^I IJLa g^iijj t5-iJLi« oLpj— J (yawing) 

jjLulj] ijft*j-jigJl Jj^ O^W**-! L^W^' f,?^?^' 

oLjj m ,/7 ]\ jJuJj .(rotary flow) ^yljjjJl i^L--J*yi ^ JNjJ^flj ^j^>i^l 

Parameter Estimation jt^-T*^! oli' Jdotj-P ^JLU J 9 - 9 
Methodes for Spins 

iSy^^ JbljlflJl .LShtU SjljJlil oljjl^^l ^IJLiriu-l *1j>J ^2;^^ 

JjbIj^ ^jiSii ciiiij J^;la;ll iJLfi j^jlpIj ^i^jLLo ^1 jij .syLkil 

(Gate- cJL^ _ Ojl jj (Fremaux, 1995) J jVl ajjLlJI c-jc^j 
^jlp ol^,*-jij j-Q-^aii jUjJ^ iijliJl iJLsJl J-Jb>*j jl Bryant Equilibrium) 
pjjjJl .°n tyljjjJl J\jL-i3l r°j p° iq° ^^jl^l ^L-dl OjIjj 

t-JLkiij IjLa . jIj^I J St... a W-^^ 4>^-*i c5^' "^W^ 

(data acquisition oLjuLJI jjia-J ^^y*^^ <^'^l 1 < o < IJLa 'Jkij 

.oLiaatJI ^ J j-,a>Jli ^SjJbJl technique) 

(Jaramillo and Nagati, jLfi^fl J^l^ ^'J^ ^H^' <jjLlJi 

(finite - element methods) SdJ*^! _ ^LjJI JSI^ c,^«.jJLlm-I jSj 1995) 
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J I. ^ ../i 7 J^L9> ^ j-jJliJi o^LiLjo dL>>Jt| fi-ijj . (influenoe coeflGcieats) 
4,„^an\\ 0 ^LkJLJ oU jL-J P-Lk^! AiJK]| oVii (minimize) 

^liJ( o*>LoLjtj> ^ 4,2: M. o II ^jjjJlj (_jj-5-ll JL«-j«jLu-Lj <jj ...>.^I JJULjj 
^^jljlj!^! ^liil o^Ljt^ jj-^* -^j^y^j . (influence coefficients) 
4>b^l J IjiMmj SjJLi <ij^^kU ( (dimentionless influence coeflicients) 

o^U*j| Jjiio (LccandNagati, 1999) iJL^Vl iSj^l ^ a\,»'>^\ 
^1^1 jiJI jl^l oIjLj ^Ij^iJl^Lj J»JJ aLU 

Grummaii/Americaii AA-IB (IslSL^^^I /di^j^ « ^UaJt J\io 10-9 

tTr-2 c-ujJjlJI 4j;il-*Jj iAA-lB OL^^l /OLojji^ S^LkJl OJ 

ol yLi2] ij^i tJLpUji ^^'^ J II (Tiger) ^^Ij 

. (riveted metal Structure) i^-i^ aJjLr^ J^Wfri '•^^ (j^^ 't/^' <^ 
(^JJI (drag) »^ii>cj ol ^lUl oJub ^ OJbtJlj OJLxJI jl JUa3| 

toL-Q-w^ SJLp i:uj>iJ LaJLij ^ Ji AA-IB ^ a ^Li? 2000 

,Jjj^\ jL^^fl i>JL« 
JbJLi ^lJLk.^1 (^^jj t^JLil (jj7...a]| jL^Vl ^ AA-Bl 5^02!] 

NACA ^^l^ Ol jA-^jSfl J*>^* ^W.U^I ^Jl 

JLii . JL^Sfl ^...■/77ll J L-Uj- cJUjkl ^.l./77i 

JLp AjLa^ JL.Bj>mj A^di^j ^ S yUail ^ 1 J^^l 4.-JJL!| 

^ iajl^l lJU 01 NACA .(7-9 JSLiJi) TDR ^^^-u L. j! ^c-JJUl 



256 



Jjj ((unshielded rudder area) aL>J*yi ^ ^4-*^ o-L.^ ^JU> 

.NACAURVC J-UJI 

syLkil 4>u«jJ 4iLx.i^l (1975 ^ iot^^Ml ^ J^j IJL* 

dUUl JJa dUi iJi^'j t^^jji^Jl jL^jSfl ^^JUaJ ^LyJLui AA-IB 
oliJL>t^ ^L-J!j J-JLJLij( oUlj^J v'j-!^ <>° J-^ L5^-? ' (owner's manual) 
j^j^^l jL^J*^!* jt (SPINS are PROHIBITED) c^j tj.;.:.;!! 

: ^iajs-'iUlj i i ^jvalo jJ> (Inadvertent) 

Ci\ jj^l ^jji J^-ij (recovery) LnJUJI oUiLw jjJaJ jj lii 

4 5aIaI--*^Ij ^.1, /it 1.1 a^UtfJ hj^Cf^ yl^T. ; 

(anti- Xw^SLbJI ii^US^I jJ? SdUuil ^ J J^ia»J^J 

•(^J^l SjjjJI ^l^l JJj jL^I ^Uiil spin controls) 

<jjLIp^\ ^j**^iu oUJlS' JJDUJI JJd ^ ^l^-^f o J 

Jb;\t c}jjb u*-ij s ^ ^Ud? 8 jSUali ^u^i :)! Ji ^ JJ^ dLiU* 

c) jjlS* 15/1 aJLp ^ Aviation Consumer aL^^ o ( aIa^iII oJla jijj 
(Bob Hommel) Jj>. ^ c-^^ J^^*^' J^i^ ^ I 1990 -oi /J jVl 

cJLii Ol Jbu ;iJbtHl AA-IB syUaJl SjiUwj <JLkJL; ^1 ^^Ul 
cJU^l syQail 01 Jji 'ASj .(spin test) jLjJl jL^^I J'i^ <jL>tLu-*yi ^ 
^ AA-IB S ^LkJl Ol aUip^jU c-**-. ^ jVL L^Oajjl J-i S jjA 

^ 'Sjjd JI^ tijUl jLfjVl J^LSu. ^ybJ j^lil SJLp-^l 

: ^ La (James S. Bowman. Jr.) OL>jj «-r^ 

s jjjj jfijM ^1 LdUli cit ^iklt iJM ^^^^ :)! • ^1411 ^ 4«! ^j! 

IsJb ^ ( Jali (one-turn spins) SJi»lj jL^I 
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19'- 2 7/8' 



8 3/4' 



1. 

74^ 




6'- 9 5/8" 
7'- 7 1/4" 



(S/N AAlB-0202 & on) 





24'- 5 1/2" 




71" Max. 



il/lS" y-l aIa^I l^jJj ^JL« ^jyw t AA-IB d^,jt*^ -d^Jj^» 7-9 JSLiJi 
t^_^Sfl v^UI c-^ s yUaJI j^-*;*. JiL^ ^U-l ^Ja-JI jj^^jJS^yr d>.ji .SJ j^Ii-l 
^ ^Ja^ JL*-jj US' .L-lill SJLS'j TDR jL«-9 Jij SJj^Ii-l iS' ^1 .U»j>«iJ ^5JJ 

.(AA-IB S ylkJI JJa ^) JijN\ vJJUI ^ oUV) 
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Hie Break With the Past ^Ut ^ 11-9 

^Jl^ Jj-vai>JLi cNACA J) t-Ji oLJLki.0 j 1947 ^ 

ol yUail j> jL^^fl JL* JUaJI ;ut--l J L-LJI ^ULS-j oIjuj 

^ ^^L±j oiLjj^ i^L»9> (W. H. Phillips) ^j"^^^ j^^j 4iLi»Jl 
^ 4p jjtj^^jt jlf^Lj IjijI (i^JUI ^ yLJl IJL^ a ^LJU (Joseph R. Chambers) 

c (Cessna 172 Skyhawk) 111 1;,.,... : ^ ol^li. 

oli (Piper Arrow PA-28R) tPA-28R jjl^,_^^L_jj t (Beech C23 Sundowner) 
AA-IB J,\ ;iL^)flj t^^liJVl JLi ^ ^1 T c-JiJl 

NACA ^ bUijI ;LJ jSII ot^l^l o ^1 jlUj 

j.^* j>oj .(1947 ^UJ) TDPF c-JJUl .0./7T jL*^ ^L^lj ^^Ul 
20) Jii t^^Li S ^IkJI jl> Jl^ ^1 c-JJUU JL5Li! ot--J 

oljjAJi JJLJUj Jl^Vl oJu ^ 41*- JLij jjJL»Jl jL^J^ (|iJi 

^lij ojyl ^ ^ U1947) TDPF jLuuJi Jij jL^*Vl ^'iL^'y 

.(Burk, Bowman, and White, 19977) ^ iiujt jlf^-'^l 

t (parameter) ^ j-^i' TDPF JU«J^I J-U ^JJ^i^ tol ^Ikil 

jL^^^I 

JUalil c (Burk, Bowman and White) c*jIjj tiijj 
.jLx^ ^^^j (t^Ul ^.^.^t! JaiUiUi JJa 4jt <j>JJ>^ ^JJaj TDPF 

jl y^Mi^fl ji^UtfJ AmijUji ^ Lilp ^^IliJl aJLsA^- ^ A«Ja23l cJ^ c}t •iJUJ 
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IJU^ Jf«>*iJ jW^t f j^^'^t 

jW"^* Jl -W^l 0- J-J^ Ji^r (H-J' Cr- "^1 '*>'^1 
ib-Ui ^ u-^o^ u.^^ (hfJI C^j ib-UJI) 

Jjfiiiij Si'^l iUii*^ cr^i*- ^ Cnt*^ (URvc) 

olyUail jUfJ^fl ^"^L^Lj <-^L>Ji J^l^^i ^ J-^i>tii( ^ tol^;^n; 

(Paul Stough 0 ji^ Jjj : ^v-flj»j cC)jJL«JLw.«Jl c) j ^ T ^oJij I NASA cjJL>-j 
(James M. Patton, Oj^Li j t (William Bihrle, Jr.) J^^ . i ^ LJ jj III) 

(Joseph j^;_^LJ- t (Steven M. Silwa) Ij-l— j-i-^i-jL^ j tJr.) 

^.».^7 oU-/»l^j * (^illy ^a"^^) ^jW'J^ * Chambers) 

0 ^1 oLi-JI? i-JLkj^l jU^*yi o jLi^l 01 (C-Gibson) dj 

jjJj^ijj idJbu ^♦i*.! Li jt ( (scale efTects) |tJ»B>JI oI^^Iij LbLoJ 4ia^^ cJlS* 

. (Reynold's number) 

jLjJu t|,->tj>cJl 0 j ^jf-*^ J^^J-*^ ^^^^ 4 L,<g>r:.«. » 11 ^luJl 0^ 

0^ i5 0^ • (Beaurain, 1977) iii cJij^ j w ^ tj^JL-^ 
jL^jVI Jl* ^li>Ji ^, .^./iT ;L^UJIj S^^I NASA ;Ul5'j oULti^l 
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^ AJcJaJL |iLij| (NASA) L-U iJlS" j ^1^^ ^\ j jl Jbu 

UJ U947j 1946 j^si-J NACA c-Ji ^< ■« ./i. jL**j ili*^ t^^UJl 

Olj U--*y iAK±j, dUliA C)l iJL^r i3>-JI AjjSL^\ gjLUl Ji52*J 
(drop i»U-.)fl ojLis-l a3U US t52jJi>Jl jLfi^rfl oljLis-l oliliJ 
tLjjjJ Syji^o Jljj NASA Ljis-^l jjiJI jljjJI Ojl^lj t >>JI models) 
.S>*U- 0 NASA cJl^ jjiJl jl jJlJI OjIj-JI ol jLi^-i j 
jL>- lil tj»Jk|JL* IjJLii j^^jJLII Aiji^l ol ^lla3l ^^m^/u^ ^ d\S jii3lj ^LgJ^b^^l 
TDPF jLaw ^;;P j^^UciJl NASA Oj^ ^;j**iJI 

Jjv»lij ^ J-LjOj jLx*il ol . 1947 fUi TDPF jLjw .1 

oli :u>»i:r^l J j>UJl s yUftjl JSL* jP^j L^j t^!^jU 

(full span leading ^Ll>JI J jl» dlJL::j>l ^^JLp 4^jl3^i*JI 4^L>V| oliUJi 

. edge droop) 

J^Ltut o ISJ 4 (drooped leading edge) a^i^hlJI ^Lj^JU 4^L>Sf I 

.(flight test) OljJaJI jLiS-l ►Wt jLfl^fl 

jl jiJi jL^jVI oljLiS^b ^L5j| ajK-l Obj NASA ^ .4 
^, ■o./itII 3;...;IL tg^i^^^iU ^1 i»lJLw-^L jl * jIjJlJI CjjI^L 
lij ol jL2i-*^l oJLa ^l jLspVL J^h CjI NASA jjJLIqjj .JUJLjJI 
.SJjJi^ ^i^jl jt Mj^aaI s^lnij C)LS^ 
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Effect 4s.^1j t jW^^ J J^^^ i/ cH^' (►t?^ jJ^ 12 _ 9 
of Wing Desdgp on Spin Entry and Recovery 

Ijj^^ ^^^^LJl S jS\Jff ^ ti^JLJl ^JLrj oL^ jj 4JLjL>^\ ^ ^ 
(wing ^L>JL] s^UftAJl L^Liil NASA iJLS'j cl^j JLii tU^l^ 

dJlS' JbJb>- iiL>tj iai- ^tid jlp! tdUJb ^ j2j ^ J .^'Jkjuj oixterpanil) 
iiLj Jb^ Ujb oLs<s>U^i?-*yi (j^Jjdji jjjJ^lj JJ ^ AifiJ\ Jj NASA 

0^1 oLiJ^* t(CarlJ.Wenzinger) Jjl^j c (Fred E. Weick) 

^jwU (R. A. Kroeger) LaI^^I vIjUijI dUliA 4 ^iL^^fb 

^iiil (Ames) djUcjl j>» (T. W. Feistel) J™ij tOU-^V 
jl t^L^ oUJI ;sj^- j> U975 ^ tNASA 

s ^ UjLh jla^ jlj 01^ c!^^^ 4^L>Vl 4jUJI ^ IJla 01 

.(McDoimelF-4 Phantom n) ^jIjUII 

NASA L^-^^l ^\ ^Ll^JU i-uiLiSl iiUJI oblJLi^l J-^l dl 
S ^ o^U- oI^IjlliI Lfi (general aviation airplanes) ^bJI c)Ija1iII oI 
jJLjj .(8-9 JiLlJl) (inboard discontinuiety) iJL?-l jJl LfjLLjJ ^ ^ cy* 
jL^I jLiiJl ^^k-j (vortices) oLol S^UJI j a jo7...oll ^ f-tj^^Vl Ol 
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^^^^^ 



JkL.ll ^U^Jt JLtlu £laL. 



It 



r 



57 }-4*0.38 |*J 




PA- ^1 ^ 5Jji*ll S^'lkll Jpj ( JpI) ol^^l/aUj> AA-IB iJo*!! Sy'Uail 
DiCarlo AIAA Paper 80-1843 and Jane's All the WerltTs : ^) ( J-^ — -I) 28R 

.U>cra/r (1987-1988) 

pUaj^ dJUS J (droop discontinuity) ^^^^ A^\J)i\ iiUJi pL^^*^! Jli^I 
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iiUJLi J-^a:Ljl (^L>JV( d\S j .aj^^L^Jj 4I>JU-o ^^^---^j jW^*^' J_^JlI1 
4^Ja-^l jL^J'^U J-^i Jy^jJl <iU s^'li? ^Li>JU Lj>\J^\ 

^jUJl ^L;>tJLl A-^-flU'^l <iL>Ji pLj>JI JjJiJtj ^5 <-:^Lj 
y jJLp ^"iL^Jj i>JU-a ^( ^ J t jL^Jt^U oJLj»- o jLi« (outboard droop) 
; (Piper T-Tail Arrow) iJju^l ^.Mb AA-IB ^Jjb^l JJLo ol^^LkJl 

t (Devore Aviation Corporation Trainer) jyui d\j^\ 5— ^J-o « ^LL» j 

,(9-9 J^-iJl) U-L- J (pusher) Ijl?- ^i-is- S ^LU ^ j 



S = 8.20ft2 
b = 8.00 ft 
c« 12.30 in. 




St ^1 M g^T-i-e « 



NACA 641-212 Mod B 



4 /I Jp L-bJl illTj ^ ^U>JU aJjdl VL-^fl ^l^i jlr^i-l 9-9 

.(Yip, Ross, and Robelen, Journal of Aircraft, 1992 : ^y) jL^aVI 
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Drop and Radio-controlled I jt^^ ^UJl ^^ aL^\ 13-9 

Model Testing 

J-L*j Ojd ^^^^ O^^^ c)^'* 5:^^* (/-J 

. (radio controlled models) jj^I^Ij ^iUjJl j\ (drop models) i^Ll^-J 

ol J ^jXJLa oI ^Lis> ^ i>LLu-J NASA cuj^ twjL-u-Sl j 

a ^UaiL L^^Lu^jjjj^ Mt^t^ W^^^J ^^^"^^^ a ^^Laj OJLaIpIj 4 ,7^^ 

^oUjJI aJL* ^yj .(Sl^l La^^ dUsj (scale models) iJJbJl 

(JLjjIj 300 ^1^^ t^ji (aJjULb S^Uff ^ 1:12 va< S^^l^i«i^| 

<^J^ t/^*^ U-A^^^l ^ y>- IjU^I ^ij-«Jj 

^iUJl ij^s- jiJl v^Ia jLi^L) NASA o j . (Charles E. Libbey) 
.Lwwj:»-jji ^ i.^y^\ t(TlemTree) ^^jj ^JIj ji-^i-l ^ 

Remotely Piloted jjdl j&JlI j^U ^ J>^1 jW*^1 jW^^ - ^ 
Spin Model Testing 

»i (^L^- jLfi»-l J-*^^ t)^ ^ j-*^ (>^*i ^ Vj^^ 

S^Uftil JL* *JLJ2j JJj tSJbJLjJI olyliJI oLi*Aj JK-il ^ 
(remotely piloted oJL>^\ ^iUjJl i»liu-J a-jl2j ^ ti^ ...ai 4-^i^i>Jl 

0 J jj-Tj (Euclid C. HoUeman) <!jL«J j-* LaJL?- j! ^_yiJl drop model technique) 
(Dryden Flight Research ^\^^ OJbji jS yi ^ NASA ^^.^jlaj 

^L>»jo ^ i»^^i-Jl jLs^'^i jM* f-^^*^ ti-JLiiil aJL* .Center) 

j*j js jj;^ aj^s^^ ^j.^*!*^^ c^*^^ sjlpIs]! 

OI^^^-kiLj ^Ji>^\ ^UaJ oLS'L>tjo . (telemetered data) Jbu ^ oLiLJl 
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4lL^2»J| S jSlkil Jii y ^\ ^iL^^fL ( j.,^? J^^^l 
^j-t^lpj3 JUjJIpLo o^Uaj (3:8 ij—J) jk^^j yj\ jl*-u8 OjL::?-( ^ 

.ij5*i>Jl Syliail |»iai>eJj OjW;...!! JlSi ^J\ Oil Ujj ^IjLiJl F-15 

^bJ ^1 (^ij-j JLs J tjL^Nl oIjLjl^I ^ (i'J^ lP^ J-* (motion cues) 
(drop iJjLAil ila^l oljLii-l JJ jjjLkil j_yip C)l t)UJj-* is^jij ,<^\J1 
olil>Jt S^j Otj (^Ij V^J^ oLS'Ukj* ^ Jtt^ tests) 

.j^l 01 jJalJ jUJl 1.4 J-liL^ objJLjl i-jjJiJi 

Criteria for Departure Resistance SjdUil Io^U« jLaa 15-9 

<j ^ Oljjiail jfi*^ (departure) «SjiUt>o» J-oJii-J 

oL^VI J^Jii JjSfl ..I^NI JL, ^^JJI 

(swept ou>-l^yi^l 4j>tij>-Sfl oNLp- oilp ijLijJl «oljiU-Jl» 
J,\ fj^y L^-Jj oljjJI aJL5jj iJL^I J^L^Ij wings) 

ijS" ^ yfcljJ* 0 jjLkJl jJ J . (interial coupling) ^^LLjJI JajI 
t (whirling motion) f^,jj ^^^j t (nose slices) syUaJl ^ Lji^ iSilyi 
i J (roll reversal) 4_j_*-iL5L«Jt ^3 j t (wing rock) ^LLj>Jt ^^J^ J 
iXuoLjij^^fl ^UiaI JJULiAj .(divergences) 

i jJLp- JJLlij.ijjl I i jJLp- j (Ruth criteria) it* jj ^Ljl-«j ^iLoJiaMI 
:5JbJl ij^UJI aateral stability) iJUJI 1^,1^*5/1 

X"* + B^l^ + CX^ + DX + EX = 0 

Lfjcw*;*- E,D, C,B, 0^ Jj^lm"^ hjJiS\ dl 

Njb ((divergence) oIjlpLiJIj (convergence) oLjjU::]! jt (^idLxJJ 4JL2>JI 

.(oscillation) olJljSA'yi ^ 
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j»Lp- (L.W.Bryant) c^lj-» L&j^ ^1 iLJL>Jl ijjl j-ar^Vl ijJL>- 

E jl D S jLil ^ ol^^ (1)1 ^ y 1 1937 (»Lp ^^ cr^^L>-j 1932 

J^JLj (directional divergence) ^^U^jVI JbtjLiJlj D cujUlII <1)L«j-<i-jj 

(1) j-wJjj Oj^rj (Martin T. Moul) Jj^ Lj^ 01 Oli^^Lj ^1 ^ 

JLpLjlJI Lkjj K g ; <J t(!jLoj_«jjj cuijIj-j ^^^-la-?- t (John W. Paulson) 

O^^j JLij .(10-9 JSLSJI) ol^^^l ftl^ (Robert Weisman) 

(dynamic directional Lj^L^MI <LXg^LLiJL)l j-Li^Vl ^ SJLjJL^ ^jW^ 
: jjfc 4-jj5iJl lJL*j . C i^J Qipd=n stability) 



(pateral control «^_^L>Jl ^Ss»^ Sj^LiuJl Ja**»^)) ^_^Jli j>A JuoLp 

j^Ul SjiUcJl j\ ^l^ptJVl tLCDP jl departure parameter) 

^ aIijI^ L^*-^ jW*^ Jj^'j tij>-^jdl iiL^^Lj t^lj^jVl 

(Pinsker) J?* (>• J^--H 'LCDP 

c (Pinsker) jiwijj t (Paulson) 0 j-^jjj t(Moul) J j-* JU^I c**-jI JiJ 
c*1jI^) jI j-i^Vl 5 L5* J^' (Wissman) OLoJjI jj 

j_j_l2jj .SjiLi-«Jlj t-JI jj»tjVl 5-«jLfl_«J i-JL^l^ j^^iLfut I ^jL^j {S^^ (j^ y*^^ 
ikjj ^_^JliJI ^LSouI J lJI >>tjVl i jJus- ^! ie- y^M, 11-9 JiLiJi 
(static aerodynamic derivatives) <-JjiL-Jl ij^L-oLjij^Vl oLii^L^JL LoUJ 
c>.j*.*>j ^ aJj^^JI oUiJLJI ^iJLki^l Sj^ . (Bihrle and Bamhart, 1978) 
ijjULiiil ojLii-Vl frbjl (on the spot) Ij^ 1^3;. la* i-JL5l»l ijJL>Jl 
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jL^V iLuJU CjIjJUU otjjj :B ^iliLJl 



a = 16" 



.001 .002 At<^OOA I .005 




-I- -.005 

oLi^l i» ^ .ojiUi) ijJb-j 1972 oU--*^ aj K >.) ajLlS 10-9 JXJiJ) 
tojLLo jw^ ^ (Cj D) ^>ijLiH J F-4J j-^jA J^Jji 0 yUaJLl ^js^^ 
. (Mitchell and Johnson, AFWAL-TR-80-3141, 1980 : yd .SjaU. 



o 


A,B 


□ 


C 


A 


D 



- .002 

LGOP 

.001 



(canned full control deflection maneuver) jj-Ma:>t-o ia-j>«L-« aJuLS" ^L5L«J| 
^JA I jjUflJl (_4Jl Lp (intial steep turn) I jL?- LJJL-a Uljjj ^y*-^ 
(full opposite 4j>-^Ju J^.laT ^ c (nose-up pitch) 

. role control) 

iSjyr ^ .1989 (.Lp Jj a978 (.Lp ^^-'j^^ or^U- J 

j\ ^ax^Vl oLk-^j-^ -^'y* (BobEUer) ^1 (Juri Kalviste) ^^^i-^^LS" 

tuU-.wu oLk*-j-Jl eJLfc Jl-^j . (translatory) aJLSiJIj (rotary) iLJljji 

.LCDP oUa^^ (^L? Cnpd = n <li,^jJ - J>« 
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J-^aJl ^ "^^flj jIjj ^♦ju^ (pilot in the-loop considerations) (fils j-lj^l 
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aJU J^l ^ Sj^Uil J ^,^1 OljJ-JLii 1978 ^Ip 4^ ,li ^jJb- ll _ 9 JiCJLJl 

SJ jSLJl il^lk- jil ala*J.I i jJbl-l oJLa j^-^ .a>. ^JLJI aSi til JJ OSUll iUail 

.(Mitchell and Johnson, AFWAL-TR-80-3141, 1980 
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0 j7 y>- jJU ja J . (David G. Mitchell) J .t,7. « JLuLi Jaj j 

^ o-a-JH o-H * ^^^^ ^ ^^^^ " j-LjUI ( ponald E. Johnston) 

fSS^ (airplane frequency-response) I Ji\!^\ » y lAs^S olia*-. y ^ I j^li-Jl 

syLkll SjiUj ^ -^1^ t (aileron) mj>-^jl1I ii^j (ruddor) 

. (nose - slice) 

jt « (linearized aerodynamics) ^^^^Jl (j^l^l dLibjJiil ^| fl.u;,....»li Sj^UlJI 
l^J^jkiJ^\ oLk—^ AGARD ojJD 1978 (Donald Johnston) 

^^UJ JLp UJa^l ip M ^1 jUuJ ^^^ia:%Jl JJl^l ^Ll2; C)! 

jj (frozen point airframe models) Sjul»- i^LLj • ^bxJI ol jSUail J^V* 

ci**^uji ^ a*.,^^ c^ii-^- aJLi^^i c^LiiiJi .Ju . j*^>*Vi 

SJUUJl iiUJl fJL2Jj fcf(a, P) ajljj iiuU C„, Ci, C„ 

.yWi ^ p ^1 jIp aa-k. 

iiil (VoughtA-7) tA-7 oy S^liail ^ ^x^l oLL^I oyj 

(Johnston and Hogger 1976) 5jaUi*JL J^fjJVI UjJ ^J^J 4**At J^:?- 

.JLi^l iS'^lj ^•^(Dutchroll) 4:^^jlJI 45"^ 

JiLijJ a^^JlIIj VjJJL^* iS"^! i»UJl ^JLJ tJU iifl 



Sdlp J-^ t yuVl J i>- ^JJ) olii ^ (Dutch roU) :LjlJ o- ^JLJ) (*) 

(diiectional v*^"^' *4J> ^'i^' ^r- W*^* 5 (dihedral csffecte) JL^ jijll 0 L.JL1* 

.BUbility) 
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^UJI (i^^j^Nl Ujj ^ 1/0',..^ dj^^ ^*^(phygoid) Jl-Sjij 

(pitch attitude giiJjM I /jJL-jJl J^^jJ i-^r^ OJ 

- 4>*dVl k-ivfliJI j] numerator factor) 

Sjjl^ <i^l »JL^ U IjJb*^ J t^jt^L^- J^^Jj' ^ S (S-plane) 

. jLy i JJ ^ (loop closure) il* ytjSl 



. (Lutz, Durham, and Mason, 1996) ojjs^ 
Jjj" (Domier) i-Jjj3 (Peter Mangold) jJjJiJL> ji^^ 

IJLa t5J^i »Ji3j -t^W - jlyfc^Sfl JLp ^k«-J jl (strakes) 

1991 ^Ip jJ^U 43jj ^ ^laUl 



J jSlUl JSU lul. :UJi^j Sxii jib ^^LSL^MI ^^2:^1 Jl» 

J^9^ — dJlj^ ^J^lxjS iZj\^*J9J» AJjLLb A^^Ls^ oJLS^Ij ^ jJ JAjLo ^^^oJLurit 

IaS'j (ojdlJuJl «.^Jj>bI] *»-*l)fl«ii ^JLa» («,i«jJb> <3^s*«H 

J^U-j (Cip<0) (autoratation) ^IJUI .1 

.^^ivfljl ^ j^] ^\ yJl iJibw ( C 

. (C-coefficient) C J-U] iJ^wJl 



ajUd L§i* J— JjLi ^itch-up) i yUJi I,- ji— U ijaa ^*S^^^ (phugoid) J^^^i *^ ^ (•) 

dLibd jl >T j> ^ iif^l liAj .liSuh dbj:i (pitch-down) jlJbJVl 
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^ J i jJ^^ Jb-I ^1 ^ jj] Clr ^ ^ JLpVI JbJl i-^ J pliJi .3 

.SUj L^jji Cap J LJL- Cip J Cnpdyn > 0 JiltoJl t<fjj^l 
(sensors) ol iii ^iJLp yb ajuj^I JLpI^I oJLjJ ^LjJl c-™Jl 

L*3^ J^i*^ Jtjj *^ tSjiU-fcJl oUft-u-^ lijjJ*^ SjLjJiJ ^<^\ri 
Oli LCDPj Cnpdyn ojilJcaJl oLla^ ^ ^2;?.>ij .tiuJLsJl ./g^Ji 

j^^»/a» iJjJL*i-j .ii*jJL>Jl ij^*^**^ J-*-*^ oLixu-j^l 

L^-^ oVUJi (automated analysis) ^^liil ^^^fl JJl^-iil 

.^bJl (scan) ^...a* ^1 oLajjl j»Jl 4Ja«dtf| ^ ^oli j£» t^j,<%w.ll 

. (augmentation schemes) SJbljiJl j J ^2:^*^1 olkk>ua 

(Hy-by- dUUl J-SU. OljJail UlijV SJbJjiJl olkki^l d\^[t 
Cj\jS\^ (Tornado jiLJjyJl syli» Sa^j-Jl %lXhS wire systems) 
«S jiU-Jl* ^ bk *y (care-free) Ll^ jW^*^' 
fjifi ^ 4<i ^fl ojdUbgJl oLk^^ JJUjjj oM^' Jjl-^ 

Vortex Effect and gfld ^jjUij ^UJL) ^J^J AA\jJi\ C«l jJb 16-9 
Self-Indaced ynog Rock 

Jilii toLjLjujVl j> NASA J ^LJI *^L>o^ JL*j*i/ 
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ol^liiLj ((separated flows) ^JUojLuJI oLL^^^L LW) -^j^ C^^^^ 

. (Ross, 1988) 5JL>«iJl a5X«Jl J SJb^l oL*^ ^1 ^ li]^ ^l:Li>J! ^ 

.iJLp JJ^^' « ^UaiL |»-^I>tlJt JLia -^j^ c}*^' 

4JL«jp jl ^^iLu**Vl SiLj <J^^ ^ C^^' C?"-^^ iZj*)l jU^ cJlS' IJJ 

.(aarke,1996) tX-29A OL-j> ii^j>-JI S J JUJI US' li^^U 

tX-29A ^j^jr^l syUftJl toJULcJl cjL-JVI oLJf SUIS ULjJ 

(shock-induced separation) ^^^^i i^^P^I ajoJUa]! 
(^Lj>JJ A^LaSlI oliUJl ^ oLeljjJl vW^^ oLtfUUl 
j^jlJIj . (Ericsson, 1993) (amptitude) JUa^ dJL^i^ ij.ljJLli jUfJl 

j27...«ll CjJLSioJl i-jL*JMl ^b jjjp jjIj CJ^j— 

»ijjb*j C^^' CT-'^ t/'*^' o^-^*^' " 0^?^ 

Ijl?- AjLjt-yoil (aspect ratio) i*-J oli JiLL?.^^!! 4j>ti^Vl Uajl 

4_L^ C^La IJLaj .•2L>«JL:>-'bU <--JL>Jl ^ oLoljjJl »-jL-w«J| t^, ; ... I 

^ 0-5 ^ ^ ^1 Oli 4LU7,.,oll As>^'^\ 01 t^.iL^I 

LEX (Leading jl ^\ ^Li^ i^LiVl iiUJI oldlJi^i jjd ^ 
oL^j-»JI «,ri-**j C^-^'-'^' C^-*^ <^jijLji t Edge Extensions) 
SiLji F-5j YF-17 VJ>JJ^ ^'y^ LEX ^ .1^ 
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J^LLr J'jU t (high lift) j^LJl ^Lll ,^-Ji*^/l 

tiLJbJI iL-UJI ol ^Ikil ^ iJL^^ ^ JU*i--.*yi 4*sLi (LEX) ^li^ 
25 _ ^ V-J^l S^Lkll ^y>^ ^r*^' Ji-JuJi tF/A-18 JJL. 

^j:>c^l Ujj JULP oLoljJLiI ^ dljJb ti--^ oU- 5lJi>oLS' (MIG-25) 

c-^s*^ (i^' ^IjW^' <y ^-^^ c'^^' cf^-^^ 

.(rolling) 4:>-^JLjLj ij^l tJJlS iilScL^-L t jiji jii^J 

((negative roll damping) aJLJI ^L^-^jlII JL^j^ jl^Li^ J^U- ^ ^jliiJ 
oL-L5 i; jLiJi o JlSj . C]p 01 jjjJl Js-JLJ i*:^ ^1 ol jLi^l jl 
F/A-18j ^i^l^f^l J^l ir^Jlil ^ F-18 ^li^i ^ jb 

S^LU jl t High Angle of Attach Resarch Vehicle IHARVY ^^^j) HARV 
(Nelson Jiljj cOl^^kJi ►LljI (aJLJI ajjIj oli ci^UoSfl 

J:l^ i^L--J*Vi p^a^it ji^Jb IJLaj .and Arena, 1992) 

i>.jJb F/A-18HARV Sylkil oljLis-l J^xJl iM^ili^- 
^ Ailajj-'jU cJil La J tF/4-18 L5^'j-f^' t^b^r^b O'J^lj 

high incidence jl) RAEHIRM o^U2Jlj (F-4 Tornado) j^LJjj^t S^Li> 
oliijj ^ J.-yaj>iLj ^Ll>JI ^^j^^ t(Researchy model 

IJL* J ^^ii^.k J . (Dutch roll) ij Jiii j-fJl aS y>- olii ^ 
(non linear limit SdJj« Sjji ^ ^^^^ Ct^-^^ iS*^ 

4^^k»Jl oVdbcoJl ^ <^LqJuo AjjLij j^l ^jJI 45*^ 0 cycle) 
.^I^Nlj tjjJLfJl J^fjjVlj ti>-jP-JL]| oli>-ji Jl ^^^J 

.^iJUl 

75 ^ Jil Lljjj i«?-l ^1 a^\aH\ oUJL ;-I jjJI jL>ij| VjdJ 
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S ^Lkil j-i^Llp ^ ^Lij>JL! A^LsSfl oUJi oLal o^Uj IJl* .ts^j^ 

.1982 ^Ip (G. E. Ericson) O^jjIj t (Andrew M. Skow) jSL. 

t(Johii E. Lamar) jLo*V 0 ^ J*j ^ LfJ iijJL?- iju^-l ^ •.i*j>^-t j 
-ki-i 5^ A^iA^\ iiUJJ jL.*^ JL^j .783 AGARD ^ iZJj^ 
^j^LjJ^ J-i 1966 ^Lp ^^yi c^^l JJ c^LS' 

tj jJL\\ j-j JL5_j iJLjti 5l;>! ^ jJ 2 oJL* j t (Edward C. Polhamus) 

(vortex ^1 j3 oLjL^I ^ aJb^j <JU>-I^^I^I o«i;>>'bU 

jL^I <t=^y 4^LoSll oUJi .kiLt j'J^ .flow) 

. (vortex lattice) oljjJl SSLi 
BUnrcation Theory cJ^l 17-9 

4^«JajVi ^..A-^^j LdJLLp d^JL>iJ LfJj (bifurcations) toll * j-p JLIjj 
.(qualitative behavior) iJ,ji-JI ^ ^^ji^ i-kUl ^ ij^bjjJI 

(steady state) S ^^2lu*>o ^ jl jsiJ)l\ jJcj LoJip v-JLi.i]| ii'^Wj ,^^^\ 
Cj\jJu JllJi J*x^ j_jJL»i t^lkJU (parameter) ^5 ^! ^^yij aIjw 

c-JL-iLiil ^ dliLiAj .(12-9 JSLiJl) ^v^:^! ^Ja^ ^jjlj 

(periodic oL5^^ 3j-5_j jl ^j-^^-*-d (Hopf) «^j-jJLj <jj^,_>t^ 

.^Li>JI ^jIj aS'^ JIb emotions) 

(J. V. l^rfr-oj JjjLr SiLJL j>^LJl iJL<^ |iJL^JLu-l tl982 ^^^i 

jJ^ a ylkJI olS* ^ ^ (.^JLiiJI Carrol and R. K. Mehra) 
(Jahnke and 4J j^^JLpJI jL^J^f I oLS* ^ j c liJd ^^^^t <^ ^ l^u .^ij 
^tj>-jb Jl. .Ia7 L-J ^ (P. Guichetcau) j?,. *, r.p ^ j Jij . Culick, 1994) 
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- "L^ Sy^lkJl i^LiJU oljJf ol jLii-l (ONERA) 
t(Planeaiis) S^iLS'jJl ^ .t_,JLJLiJ( la ; i LgJLjjLL<J (Alpha Jet) 

.5J>«iJl oLV^I ^JLtiJl i.^ (Culick) SJ^j c(Jahnke) 
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( 4*Aii.| aSU-l) ^1 Ojl jll y y) ^ Jai-l^ oL;^! .olSC^jJ 14A 
Llj^ iiaidl oLi^fcdl .0 J kL^ (trim) 03' ^ -^J ^ <il jir^J — ^ 

dU; J 0 ^;2s*«-» ^ (trim) IjAjut tjjl ^ J»L2j Ji2 jh^jA6J 5.4 _ ^jl jll 
Jahnke and Culick, : ^) Ij^k^S i»UiJL Ui/ i-^U- Hopf v**-iJ 

. (Journal of Aircraft, 1 994 
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J^^Ji-II 4jL>»I^Ij (4^i^L>»iJ| ^jbk^^l (3 ji» ^ (UajI 

LjIjj jjlp j-fJ^ oj^Q.<Jl oLL^^i^^fl fi-fiJ (Linear indidal response) 
iJUJl (roll speeds) i-^ ^jJLiil oU^^I j tiJL*JI J^jJ^^I j ^ ^^j>i^I 

. (Tobak, Chapman and SchifT, 1984) 

jS (piloted simulation) Ol^^l ^ OjL^iiLj JJU»«: 

^iJU^i^jL-u-Lj 4JjL5-«Jl oJUb o^y-j-jL^i JLJjj . (Lowenberg and Patel, 2000) 
^ ^ y>^\ j-qJ j R.A.E. J iJLi^l olj-j-^j fclJLijiLLjdj^)/! 

.AFS j! tDERA CjI^I ^[^^ ^ Sl^U^lj JJL>J 

Departure in Modem Fighters ^LJlJ-t ^ «ol jdUlt» 18-9 

O^JJ-* J:;^ ' ^ o'/^q^l ^ -^^R^l (ijUai JIj 
ol^Uail jj-i>«-^ OLS" ^OL^JjIjj tOj— ^jij '<Jj^ SjiliUJl 

^j^aJ^ jSj .5j3l*Jl ^ILa F-18j F-16 tF-15 tF-14 a}j[JU}\ 

c) ^jJ^^iijl jLjI j (Seth B. Anderson) 0 j-u- jJj! P-LoJLail L-bJl j^yjjL^ 
^^jJtJ oljJ JLitJ^f j-^J^ c-iLtJl j^JJLg-gJlj t (Einar K. Enevoldson) 
lol^liail Jlijl oj^i L. JLi UJj .(1983) (Luat T. Nguyen) 

F-14A jUj> SjSUaJl 

LajIjl5>8 i>-^Jdl ^\^ju\j jybL>j*yi jlpLi]| i,fl.,^7;< Ijlj 

oLS"^ iJLJLw- Jj-voj?- tj^^HJ '-^j-r^'j ^^^1 ^^.LiLU 4j>-ja 28 
|i jj>cjk ajjI jJLkll tJiJlS' (snap rolls) mjlUUJI iL*- ^jJI 

lij tdUii .syUaii jij js"^ fL.! Lji3 22 jLyi 

.^liC^uIl dldj^Mil JxJ J««^ (JIp J^ii^l SjJ12aj j9>jdJ 4jLaS3l 
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tF-14A Sylkil ^ SjiU-Jl a^LuJ NASA ^ Jjy Jb^j JLiJ 

^ iiu- jlJjij f>?** y^*^^ 

. (rudder) aUJ^fl tji j>«jI j (^SII •.-JJUI oI j>»jI 

^1 a j\»yJ\ oiS 5 j^^kJl F-14A iZj\ yU» 5 2 

. (Chambers. 2000) 

F-16Bj F-16A ^j^Ui Jl^^Vr • 

^UiJ -Ij ■ LoUJ JLJti J^-i^ js>^^\ J ^1 jjiiJ*yi SjiLJt-<Jl ^^1^ 
4>cJL)c«.j ^t^^^slil I LJl ^J^iajj ( <JjljJ ^1 ^^Ni JjLmjo jjL>cj IwAJL^ 

4-*5'Lji-fcJ aLj^Ml iiaj (ailerons) ij>-^jJl oLii J^.la' ijL-jJ^fl 

(SJLP (3,P^ 01 I-Ia ^^^^cjJl AjjIJ JUJLp^j ^Uali ^^^^aj tJJUi 

F/A-18A yi^^ JJjA i)U S^lkJI 

4JLgl^ S^^a^ jUfi^ ^Id db^^Lynl JaaJLj SyLkJ I aJL* OJijj 

jL^Jt i-gJ F/A-18A syLLJLj Sj^Uu. LjJUU^ ^jlp ^ 

Cj^^^j t^^JLjJI ^Lul oIjI^iaI ^ ^^-s ^IjJ ''"'^jr^ iH^'y^ ^0 
iSjiUui* J-iiijj IJLa .ii-itj (pitch recovery) ijjij ^"iL^^ <jL>»i-.Nl 
^1 J J LF* 5JL*L-j« oLq^»J c3it^ <-J^ (y^w departure) ^1 yuMi 

(high subsonic Mach <^Lp m^j^ ^Lb ^Lijlj (^^jJLqJI 

.(13 - 9 JSLUI) numbers) 
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ijL. S ^UaJl ^ J^j-^l ^ ^1 ^J-J^l <> ^ ^'^t S J^Li- 13-9 JSUJI 

a>. olii t aj j>U.| ar^l JJ L oUiCfl^ill |ilJL*»i-L F/A-1 8A JJ 
Anderson, Enevoldson, and : j-o) A*k-*j ^ h9^ji ^ j^-'JJl ^ t S^Ui* al|£| Xi^j 

.(Nguyen, AGARD CP-347, 1983 
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F/A-18E/F ^ S ^UJl 

43jj J^^^jL^B cJlj Laj .4«jJLa]| F/A-18 a^lkll ^SUli AjjLLo 

^ .S yUftU Ji^l ^iUj 5i>^^ F/A-18A/C ^ 

(Heller « ^;i>«-iJl «jj *JJb- ^ J*ju ^ idili- ijJLJu 

.[etal.],2001) 

EA-6B :,Uj> S^UJl 

j^^lj tO^Jl-^^ij cO^j'Aj^f 4-j>t--^( AGARD A^-iIji <Sjj ^ 
(nose-slice o ^jUaJl ^jj IS ^ Op JU- ^\ ^^^Ls> j ^LkJl bJLa J « .t. 7 
_ 87 oU.iL^I AIAA 4*jj izJj^ JL* iiil ^1 behavior) 

(David E. OL* JLjJbj « (Frank L. Jordan) Ojdjj-^ dUljJ J-J 2361 

. (William Gato) jjU- ^Mijj tHahne) 

i;- "^V jl EA-6B a jJlUl cJUjjI oU- C*Jj»l L.JLiP 

EA-6B viJiljj- JbJbJl ...l Jij .SyjLkJl i-^t ^>*H ^J-?^ 
NASA ^ (^il «S j5U-J(» J^J( ^ cJl^ 

03JJ cL-j-?- (Chambers, 2000) ij>iJLj«^ 
yjj (^1 . . .^li^JJ 4-j^i>6i» ajLbI iiU- t^3j-fcp (^^^ c-Ji) o^JLwiJl 

r-15E js'^jA JJjA iJU SjSUdl 

c fl JJj t^_y->r ... q !l AGARD ^ Ufl-j! <i ; o < a ^LkJl aJL> 
(Carpenter) y^^,^^ t (Nelson) 0 ^^--iJ j c(Sitz) 31--^ ^ ((LjJjiUw* ^\y- 
42 ^JUi Jbj: ^1 ytJ^yi Jjbc^ ^,^^1 ^1 ^ JjJbJ ^ J3j .(1977) 

^jlII ^e^^ 30 jJLp Jbjj ^ *ijl>!J ,r*i^* C^^^' 

.IfLsjUja jt L^liijJ « ^.i>i,/ljj ^^)^ Ijtf*^^ 
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MBBX-31/Jij iJjj SjJUJI 

. (Chambers, 2000) l^Kjk 

.oLpjLjJI 
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Tactical Airplane Maneuverability 



J jl ^^iLu-l JS'Ltuo L) j-Q^ (tactical airplane) iiLiSoJl ol ^liaJU 

ixj^^l olJljjjJlj t (sharp pullup) aLpJI jJLw^i j t (aileron) 03 

jLi J ^JULiSfl ^JaJUJ .i-^li- JS'Llji W*tt-*^ i£:»-LiUl j 

AjL»> ^ 'J^^R^l (Aj^^JLWII (rolling) 4j>>^jJI 

. (turn entries) oLJIjjJlJI J-:^-— ^ (_5-5l iiL-^^Lj c (pull-ups) 

>*J t (beyond stall) p-l^^fl Jbu L» ^ j^iJ^ IjIjj Ol^^Lj tij^lj 

How Fast Should f ^>»^ ^1 j^^l 1 - 10 

Fighter Airplanes RoU? 

UJI JI3-JI (rolling) i*- ^jJI ;iL-liJI S ^IW I SjjS cu:>c^! JLii 
^Ui>Jl o!5L-li. ^Ji*>. cJL^ jl5j t4Jli]| v^Uil ^L,V( ^l:j*t 

IJLaj .iijLjcJl J*>U- (gun camera) aJjulJIS" o^I ijlJiL^ 

oUbjJ ^^-^ ^^""^^^-i^ ^j-:^^^ 4.1«J^>cJl j-A j;j y'^i oNl 

^IJUJI dUj JaJt^ ^>?^ ^/a'W fj^J (AIjLHI aJLjLLqJI a^Lkil oLtLtj 

(CurtissP-40 syLkJl ^^1* ijj-.j>«Jl ol^LiJl cJLj— jJj 
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^ aJL^ oLk>J North American P-51 J (North American P-40s S^LkJlj 
oLL^j f\Jj jijUj ^ c^Jl>wS^\j (dogfights) <iyt^\ SdjLkJl ^jltui 

i jljLii JL>-I J oUtJL iii»L^ s J-JaJ ol ^j.W:...7 (Mitsubsishi Zero) 

Sj^^viJl ^!A*Sll i-AJU- ^ ^jJJl jl jiSlI ol^ Ji3j oU-jVL iil^UJl ^jlJI 
(feint maneuver) Afii\^ 2 jjIli ^ j »Lii»JI ol jSL^ cJlS* *^i5.f jl^^fioj 

4ju^ 5:;- ^Jb Lfjij-I CJl^ « JjiJ^I'' i^^i t * JjijH* • jS^l v-iii- ^yLl 42Jb 

mjuLlo ^-^j^ JLiP jl^l <i*>^l <v> ji Jk-iiJ (dogfight) ti^^^l 

pb/ vi^ j^^JL:>- /NACA jL*j9 Uail t^JuJ ^.^fl-ki^l ijLfiJI 

(0.10 Jl Jvij) JU^l ol ^i^^l JIp cSf ^ SUi t2V= 0.07 

^ pb/2V jL**U iZjljL^ Jfi Jj-,fl>JI .L^IJLkj Ol^)fL c)l^ 

iJlSJl 4^Uil O ^1 |iLil Ajjjb ^ C ^1 

.aJLjiH J oIp^ '^^j ^*^SiLi 

ij^jjJI oU^^I ^ jl t (knots) SjlIp 200 c)jd J-2i}j tiUftii*i*Jl oU^-JI 
USiA dUi cJlS" Ciirtis8P-40 S ^IWl J*J j .Lw ^^UJl ^^i ^ t iJUJl 

ip^^ J-v^»*«J (aJWI ^ 95 ^ j) Ljl:>- OJ ^i-^ t ^L»J 

Xs'j^ iJb*ij J t (1 _ 10 J^-iJl 4>t-^ ipLJl J "^Luo 400 AP^^I JLip 

. Jj jL 30 LfjjJ 'J^Ji ^1 SiLd3l UaP Jij >>..;..■) UaiI A:>- ^jJl 
ajjLuB JLm^ j ^^^^JLUSfl ^^^^ ooi^ ^^^^^ ^"^^ «iJLljj 4:>bJjj 



U«» k!jU^ <J oLj Jp i ^ j^l ^^^^ ^ :(oaiitFol stick forocB) SaIJ Uap ^jji («) 
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jJLjj .^ju^^I Oljjll^l JLlP Jbjj o^LaJI L,/gP ^^^^t*^^' * ^Uail 

(spring Ojl j^l Ijjjiai teiLaJl IviP _^ ^_ya^^A>rJLS ;>rH-* j ;^ ^ '.^^J 

diiJLS'j t (Hawker Tempest) a ^ ^A^zi^\ <_$Jl1I tab) 

liLjfc J . (beveled-edge control surface) jJaJL^I j»_SCj>^I ^eJa_^ iiU- 
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J5Lij oULJt aJL* ^ .^Ji 10,000 ^tiJ jl JLlp ^ t UlUll SJl^l yUJl 

.(ToU, NACA Rep. 868, 1947 ^) ^ >l 
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4j>>j9>d olid (^Jlidl 4^bJI AjLfj ^ aIjIIoJI oI ylUI 

.l^j Lockheed P-38JUghtiiiiig S^sUaJI 

^ i oLLyii».wJ>Jl 4j|Jb ^ 4^iCJjjJUf!l ajJUUL ^i^^mJI 

<jll>oj (ObLiil ^i-^J (dLJjjJUjJl ^likj aJUaJI oI^ <JLjl<J\ djJb>Jl 

SykLt ^1 oL^^Li t (wing torsional stifTness) iJl^^fl a^j^L^j t^LL>Jl 

SjjLl. aJLhuJI J^ibJI JjJj ,AJ\il\ ^ A^jA 360 J-^ M-j^-a 

J-soiil J (wing twist) ^'^^1 ^1 ^r*-^ ^ j-* <-val?*i^l 

. (The Elastic Airplane) ^1 o jSLkil)^ ^ ^ ^1 j ^b]| 

Alr-to-Air Missfle-Aimed yr~yr ^Jj-^. ^-hLJA Cj'^W 2-10 
Fighters 

4Jjjj ^^y^-JjjJLj-jJl ^UJI i-»L*Jl Jjbtjoj j»-j>«j>Jl dLJjjJLj-fJl 

«-^y--.L Zero S^Llail Jjli" ^ybj P-40 S^^Liail ;JU]| ^L^^jJl cJl^ 

i*^ J*^ (1956 ojlUI cJL?-3 j^iil Sidewinder j Sparrow I 

OjU^ lil^ J . L* jJLjJI S jSlU ^j^S^jj i l^^^j ljL«j ikjadb:* SjjLuJI 
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^ ja^\ lfJU>cJ Js^W^ ^^"^^ (>" ^l* 

j^^iisJI l-JUJI jS ^ _ ^ ^Ij^^ 4>JLuJI o^LuJI 

i^jlal tjr^l t^Ul NACA (.-^^-iJlj jljJLL--^fl ^JJL^ 

iJL-^ iJUJi iO-^j tiUlj (USAF Sj-iJi Sjbl ^^JL.) 

cF-103 iljLlgJi S^Li2il Lj^li-Qj ^1 4:>-^jJl ^ 4jJ ip-l^^ Jli 

jjjJI <^js^i\ o-iL-liJI c^jLi 1073-1964 v^M' V -r>-^' t^-^^* 
oJLj^ J iiUd ^ J . Sidewinder j Sparrow ^ _ ^ oJL«ua ^ j 

(^ju ^) oIjJuJI aJUfc ^^yip 4jjj>JI olS'i.T.tMi oJa j «>7^J 

(visual LjL^ ^j^uJ^^l^ diS (dogfighting range (Sj->^\ iiLJi^fl 

^jjUa]| (3^1 JJ (jJLfll jjip Jiiil 4JL»p j^Iiiij target identification) 

lAjLilj O*yjLKi0 J 49- j9-jJ| LI JJ O-UJI C^JUV^J j9^t Sj^J ( IJISC* J 

oLiLi^l j^jiJ C)l ifj^l Jlli3l *JL>JI ^jcLJajj .Aju^^I 

Control jJLjJI ^ CjIj^UeiJIj CibLDI ayM«Li>->- 3-10 

SensMvity and Overshoots in Rajdd Pullnps 

(longitudenal controls) aJj-W oI^LuL ^lS.^^2^\ olylkJI ajJj LdJLlp 
(j^LiIlj ( (oversensitivity) 4^jUI i^L^I SdJbii^ J$'L±ji j^iu ^i^ii^ 
oL^^fLi ( (normal acceleration overshoots) JL^U ^Ijj^^j 
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jj^JUj t (pilot-induced oscillation) jL*LJl J-li ^ j.>,^\ oIjIjjl**^! 
^ j^lj jLyi JJ ^ 5-^*^1 oljljiA^fL t jLUIj 5 yLkJI J«jI >JI 

(overshoots) oIjjUbi]| j (jlvLi^l j (4^L«j»Jl ^ y ^ iSi'^ ^ j 

jt (elevator) ^IjjJl U-^'J^-^^ ^ j-^l ^0 JjL«^ 

.(2-10 JSLlit) (stabilizer) Ja3i\ 

^ Jj^^j>el3l 4Jb ^LLo cAIjIj 4jiL>Jl Qlj^lall A^j^ ^I^LjJ 

^^jwliil iiL^J iJl^J ^ j,-i>jjL|j .^^yijVl i^jJlJl ^ k.n.ii J ^Jliii ip-jjJl 
(j^LJIj JL^L^^I jfjlju ^ Uojf Jj^p^i]! 4Jb J^ix:^ 

.oljjLy-lilj 

Equivalent systems methods aow- Uili^t ^.jLsVt 1 - 3 - 10 
order approaches) 

4j>-jjJ| oLj jUii I j] (equivalent systems) ililiL^I j « biSfl 
( 1 ^ ... at a yLkJI J Jajj (low-order approaches) j a ; «. H 
"Sl^ ^JLjj .Ol^^JflJl 4-Jij!j SJjji-Jl S yLiaJl oLSL^bjJb 

1976 ^Lp (Hyde) Jbbbj t (La Manna) L;L.*yj ^ (Hodgkinson) 

^ (Graham) ^Uly^j t(Ashkenas) jli^^lj t(McRuer) ^jj iiU a^^j^^I 
Ul ^1 NT-33 S ^Li2iJ jJiiJl jl ^^Nl ol jLii-l j^^^o ciLsA-o J^Ip 
i*j-*>MJ oLjLft2-i*yi ijjljLj (Dante Difranco) (S^ 

. (Neal - Smith) c-.**-. JJ oULj 

(Hoh and J .*,;.^ j * ay^j * (Gibson, 1995) 0 j J5 JjJ j 
j^L-^l J*jJI 01^ Ui*jj . Ji»Jl IJL* oLji^rl ^ Mitchell, 1966) 
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.A3 20 Sy^QaJl ^ UJb t Airbus aULw- j tBoing??? 




d 



+ bi , + 



n— 1 "I" bm-fi 



= K 



in-l 



hai — 



H-... + an_i— + ai 
at 



y(t) 



x(t) 



Y(s) 
X(s) 



q(s) 
6(s) 



K(s° + ais"-^ + . ■ . + an-is + an) 

sm+n + biS°»+«-l + . . . + b„i4.„_iS + b„,4.n * 

(j^ydS J^t (j^jiJl ^ J.UJ Jjj^ ^j!^ Jlla 
.itfrj^j ^J"^ <-fii^ ^ ,J^*^ 

(Mjj + ZgMw)s + ZgMw - MgZw 

S2- (UoMw + + Mq)S + MqZw - UoM^ * 

Cijj jj = a,b 
jjj^V J = s 



Aircraft Dynamics and Automatic : j-o 4 , : 2 a) Jj j^^^lJI SJIi ^ j ^ a <i 2 _ 10 J.X-iJ) 

. (Control, by McRuer, Ashkenas, and Graham, Princeton University Press, 1973 
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Criteria based on 4£3l5Uit ajaiVt *>j| j^uiUJt 2-3-10 

equivaleiit systems 







*f . SfokTJ 






















1^: 



^Ljl^l iilal&il 2^1t» ^U.ia 



^.^iLtia .ualij^ 



Si^a-* ^.>« 



(ijljJaJl O) jLs:i-l j>o iiia^l IIa JUi-il ^ JlSJ j .JU**^I a^^>.^i ^aj^I IijI^IaVI 

(Mazza, Becker, Cohen and Spector, NADC : j-) F-94F S/lUl jl ^^'^l jJcu^ 

. (Report ED-6282, 1963 



Frequency-damping boundaries JL^^biII — ^iJl djJL>- 
(variable-stability) jl ^^ii--**^! Sj^Jii^ ol ^Li» ^ iii 
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(parameters) j^^^ olJALtua p\ J jj 

t^^w ..Lii Aj^l LoJkj :^jJl Jj-»>-j 4Jld (denominator) ^\JLa ^ 

.(3-10 JCiJI) JL*i.Jl 

(Robert P. Harper) jLjfc »^j-2-!JJ J-i-* *i>L>iH^' •^>=r^ 
jJLp jSj .oLl-**>JI J-iij» (CAL) 01 J-iJj^ VJ^J 
^^Ij t (attitude) syLkJl ^-^j <jL>6I-w-I Jai*ij 3jJL>Jl oJla ol Oj 
JiLa c (attitude response)5^LkJi mjUiJLu-I i*-*^ oUjJLjt^ iiL^J 
aL^)/L (J:^^! i^^^l ^1) (dropback) ^^jL^lj t(delay) >l»Li]| 

.(overshoot) jjL>-iJl 

Numerator time constant J^^^l iJb ia^ ^ ci^C i^Liku 
requirements 

Jj>o ^ Jiljiii c (flight path) jL-m g^^* 

jL^ja oLjUci^iril ^^laju Lqji (^li»JLI i^jLi>JI J^4^«i]|j (^^1 (slope) 
.(Cooper-Harper ratings) ^jU _ iiiLw (J-^l) ^y^j 

.^Xil^l SjSlkJl ajjil«J Lfl dj^iJ v^jii^ ft^>^i 

Bihrles' control anticipation parameter J JU^*^I Ja^j« 

(control Ji . 7 .rt^fi j»^Xj>iJr ia-u- j-f^j ^\ ^J^\ J j^>--j 5Jli W ... t 

^Lu.^ 4_™J j_jb CAP J . (Bihrle, 1966) tCAP anticipation parmeter) 
SiUj .^-liil ^S7,..o]| ^\^y\ Lr^Li^l jJL^l Ajjij 

. jLflil ^L-jJl ijl>«Lu-l J-I-J j\ J^J^' J*?»d 

^-jij y V-^ CAP ^^^1 ^^^^ 4>c^1j ^c-^^ 
^ CAP jL*^ ^^^j . ^jii c^iiii 

MIL- SJbJ^I :uL/»l^l ^ UjI 4JI ^! jlSj (4-10 JSLiJi) MIL-F-8785C 
Jl* oLiJai*JI ii^^i^ jW« cap didjjj .STD-1797 

.(5-10 JSCl]|) (time delay) Jj^I ^jj (damping ratio) JL«^iJl 
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100 



0.1 




1.0 



10 

n/a (g/rad) 



100 



^ ia-.^ oOkuj iij\yi>^\ as-^i ia^ ^isai ^^^\ 4_io jscj^i 

(MIL-F-8757C short-period mode equivalent natural frequency and Jl . t,..»VI 
. (CAP (Control Anticipation Parameter) requirements (1980) 



Gautryand ^(GCAP) iJ^j ^^^^ J-UJI JLi.-'^l j 
Cook's generic CAP, or GCAP 

(augmented aircraft) SJbljiJl S^QaJJ JUl-i^II ^^^^ j\m ^^j^ (>^*d 
JLi«u *y jj-^ l^i j cap olkw» ^ iiki.^ olky- GCAP 
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j^L-jJl ^Li^ M ^i! tJLoVl AJb Jis^ GCAP 

JUJI jjfc U5 t (steady-state normal acceleration) S^S:...^!! ilUJJ ^yt*JaJl 



.CAP 



S^UaJl ^^>Jl J-«15C]L SJbJjiJl (pitch control) jIjl^J*^! /jL-jJl 

. Airbus A320-A340 ol^U? UJLu- jl tBoing777 



10 

% 6.5 

^ 3.5 
I 















LEVEL 
3 






LEVEL Z 




LeVEL 1 




1 



.10 

(sec) 



20 .25 
1 j#kblt 



10 

4 8 
^ 6.5 

1^ 3.5 - 

3; 



J-J. 



LEVEL f 



LEVEL £ 



LEVELS 



0.15.25.35 1.30 2.00 



kj\ysjk^\ 3S ^>il ^kl) ^ JUUdI J;>.1 J- iilSai iJijVl oUkLa 5 _ 10 JSUJI 
. (MIL-F-8785C, November 1980). : ^) .U >jl huj^\ 



Bandwidth criterion la^ jJl ^ ^ jLjm 



(pitch attitude) jLj ^ j Jl J j>«^l i^l^ 
(gain U^LipI jL-jJI j*-^ • J^-^ J^rl 
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.(db) J^^— 6 LjL-^ ^..^.^^\ (j^Lft cUp- bandwidth frequencu) 

^^-^^^ (phase bandwidth frequency) (_$jjJaJl 5^ j-^Jl j-p ^^j-jj 
(phase t^jjJiJl jjfc (_pL^)fl J-«L>Jl j .^U-ji 45 ejlJii-o tijj-l' ^r^^ 

^1 oU jjiaJl ol^^b ^2;^ V jj— jj-^ (S^^ delay) 
Lk*: Lkki^ 6-10 JSLlJl . (cental actuators) obiL JJU ^_^LJl 

iJLwuo Jljj *y i^LoJl i jJbJU jJjlJI Jl^I^I b\ ^ ^ Ji\ 
Gibson Nichols chart criterion 

<L>-jiiJl J jj^j t—.^ iJb (Nichols' plane) l5 >^ 

jL_)(-«Jl IJ^J (^j^l iLiiL-«jJlj (open loap transfer fucntion gain and phase) 
(dropback) ilJJjVl ^ j-fi-o t7-10 Jl^-^I ^ ^-^r" 



0.50- 
0.45- 
0.40- 
0.35- 
0.30- 
0.25- 
0.20- 
0.15- 
0.10- 
0.05 ■ 
O.OO' 



deg/sec^/lbf 0.3 ^ (> CHR 

(J^jJI jui) 3.9 jl (ji-^l ti^Jfrl) n/a = 2.3 g/rad 
<sIaj'iII FQ iS.^> 5 jUiaJI/2 jUiaJI/i jUiaJI (msec) (>J 



(400) a/5,5/-/8/-<L3> {400} 5/5.5,6/-/-/-<L2> 




(125) -Kl-ni-KlZy 

^ 1 ;/ i 



(250) 6/4.5/-/-/-<L2> : (250) 5f7.&-/-/-<L2> 



T^^"''''^ {250)4/4.5/:/6/-<L2> {250} 3/3,7/-/3/-<L2> 
(125)5/8/-/-A<L3> i | 

{125} S/7.5.9/8.7/6/-<L2> {iggj 5.3/3/./6/.<L2; 

\ ^ ; \ T 

{1 25} S/7.5,5/a/-/-<L2> {125} 3«.5,6«/5/-<L5> 



{125} 4/3/-/-/-<L1> 

a ■ r 



{125} 3.£y2,2.5/4/2/-<L1> 



Level 1 



—I \ \ 1 1 1 1 1 1 r" 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 



^Bwe (rad/sec) jluuH ^Ij JU^ jijc 



il^'^S gSbi^ ijJLJI ^^jL« Jp Jlt«6_10 J5Ll1I 

.(Field and Rossitto, 1999 : j^) 
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: ^) >) ^ dj^*^ "^^t*^ ^\JSa^L jL^I ^^£^)f jLkll 7.10 JSL&il 

.(Blight, 1966 

Time-domain-based j^>il Jlki St;T ^l«uJI 3 . 3 - 10 

criteria 

4jj*rfL2Jl A>s-«jJl jy>^l (3^^ AjUsIw-^ c^W^' CS* J-^^' ^JJh^\ jSj 

8- JSLllI) (MIL-STD-1797) ^978 j.U SJL>^i oL^f^l ^ 01^1 

: Ji J 4 ^J^l ij js>A jiil US' t (10 

(H.N. ^^jjj (L.G.Malcolm) ^ JiiJ :C* 

(pitch rate) jJLjJI Jju^j ^LjJI oLl:>«ii^l C* Tobie) 

»yl oiUj tj^bj«i-!^ i>J^^ iSjbJl ^ y^-C* 

^ oX>fci^<Ji (weighted performance indices) oljJ^j^ ^} 

. (optimization calculation) ^JloSfl oLL^ 
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aju^ Jbu i. (C. R. Abrams) ^ j : AAsm2^')i\ ia^ ja 

.(pitch rate) j\Jo^>l\ /jL^\ Jjbwj jytJaJl gjL-sJl oIjLp JJ 

(tracking) ii^-'jLJLj j^JaJI jlJL»iJ*yi IJL* .(dropback) j|JL»J*yLj 

^ (pitch overshot- mjjIj t-JLJI jiJ>JVI >,-.;...jt U-i 

LJjJij ULjJI djJL>Jl cJl5 JUU :X^UJ1 2^>il X^U^*^! ajJL^ 

Ol^^-iailj iJU-j (landing approach) Vj-*^' 4_jU«:lw-( j^Ls- 

(space ^U^iil li^^SULJ sjj^^ ijUiJLu-l OIj (up-and-away-flying) 

jj^j L» j^JLp j t(9-10 J^LiJl) ijJLj>Jl oJL* Lj-,-SU«J shuttle) 

J^^. i-J^" LJIj*-1I ijJb>Jl 01 (2000) (Gibson) dj ...^r Jj-aj 
pL^I iJ^j^ (touchdown) 4--ub^ J^L1» ^ aIj^^ t^lijjMl jJL-iJl 

* ^ ^ 

S fills' ^^^1 V ^ (/^ji ^Jr^) HOTOL ^j^L. 
J:5L>- .(Warton) O^Jjb 4Ju-Ija cu-w Jj (^jUai" j>JLkj 
•J^AJJ ((pitch) jJLjJI aAs^\ cjL^UjjJ Jl»S|I |». .^:JI 
Uj (rapid flight reponse) jU^ <ji.iw>- JL2J 

yjUj ^ jUJt 1 a^X^LijJjVlj ilJijJt (touchdown) 
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~s- 




3 -ij-^ 








^L^l <>.l^ 


Min At 


Max At 


Min At 


Max At 


1 


9/Vt 


500/Vt 


9/Vt 


200/ Vt 


2 


3.2/Vt 


1600 /Vt 


3.2/Vt 


645/Vt 



lUSd/^ ,^LiajAaJI ^^>4^t ^ Vt <li 






t| 


Aqa /Aq, 


1 


.12 


.30 


2 


.17 


.60 


3 


.21 


.85 



1) 



Aq2 
Aq, 



.(MiL standard MIL-STD-1797, 1987 : ^) SJjJ^dl ^ ol ^UaJl 
j-lJl j^Ja^l j-w J (closed-loop studies) iiii-Jl iaJL>Ji oL-lj^ ^Ijl>cI^L 



q 

^ss 
































i.p- 
















7-7-7-7-r? 


f 








-TTT-y/y 




A 


/] 














0 








2 




» t<s) 



jJLmjJ) Jpj*- 2iL^t ^jJaS |,JL» .5jJLi-l ^ J (step-type manipulator input) 
.^Uaa]! ^1 jJait ^UUt IJLo^jt SiUA^^^t Jb- j^bj . S ^^21mII q 

.(Mooij, SGARD L.S 157, 1988 :^) 
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Rapid rolls to steep SdU-l CjU) J} huj^\ c^U ^JlJI ^4-10 
tarns 

fjji- J ^^.vA»J] (ailerons) ^jJI oUa t,,.,Ha7j^ 
Jj....:?il UojI c,. 1 laTj^ UJ|j (steep turn) dU- OIjja ^ (steep rolls) SaU- 
Jiljj (^JUl (adverse yaw) ^^^Ljt-oJl ^Ij_«JVI <j>JLjlj9 j! t (coordination) 
^Iju ^ lu^ (lift vector) S^Lkil ^L^J. ^LLJ c-^jijj 

(turn J^^j^^yij OljjJ^I <^LSa J^JLipj iAS y>^\ ^li! ^LlJ! o^Lkjl 

t(l-10 S^iUlj ( ^UJI J-^l ^1) ^ Li J X slip indicator) 

. (coordinated) l^j} Sjjluil ^ Jll^ j 

ip^l jAjui g-yflj t^JJI t (sideslip suppression) J'^J^^fl ^ ^ 

.(palneof symmetry) o^iy I ^ji^ 

ISJ t4*iA>o Sij;?- ^ 1943 ii-J (Gilruth) vij j ^,L:>- oLllaio ^ IjlJ 

«j| ^^*bflj vliii 0 jL5j o ^ iSJLip . (initial trim position) 5J L.^^li iJU- jl:lp 
cil k^^^ <^ ^-J^* ^>^J L^W-^* J'bf^^ ^r^^' 

oUljjjJl J ^^^JlJI j ii>- ^Jiil AjL>ti*-»Lj <v9L>til 4ijJL!>Jl oL-ljjJl cj^j 
J . ... ; T it (rudder) oLj^-^l ii* ^ i-^iL^iXiJI ol ^LkJI ^ S^UJI 
./» J ^ 4JL>JL^ LoLqJ i J iib ijjJi^ c. S ; k J . (coordination) 
_ 10 J^*iJl j^,* ^e-<*> ^ U5j . (pitch maneuvers) ^ ^1 oljjLo jiU 
ij>- ^JlJI ^ <JLiJL,» II oLk-u- j^l ^ (pilot rating) jLkJl j>j*ji^ 0 jLaj c 10 
(Hoh and oL^j*^ I o^j c ^jlJI ii^ JUi)! 4^ ^ oULti J^f>;^f I j 
Ja^ oJi».i*-JI j>^\ ^ cUJ^fl «d jjjJJ ol (j-ij::*! J^j . Ashkenas, 1977) 

.jt^ji-.! j3 ^Lijl 4j pL53l C) jjLjWi V-?^ J t (aileron) iii fclii>>^ 

(phase jjal\ iU2P*yL JL-aij .j^j jlJUl» l** J*^* CfiJ 
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(S^lkU (^W^l «lLaLjjJl J^Lij aUip*^! : depenedenoe) 

itJUdI i^^j tjy bW*-** JiJ^*^ *^ 

jlJLiJi OjjLkJl J-«j*ijj .oUJ*yi ojJ (cross-feed phasing) <Jl./??qli 

lij jl tA-J|JLljNl i-g^l Jb«j Lb i^UJl ijiJilil ja^W oL>JLj AJjIjil 

^LnjJl |«JLi (JlSJULPj . jLJail oLjti^ jjJbJLlj (OljJ'^i L^ljU^I ^ ji^ 

,jnt^\ 4mjI^ ^'"'^ oLjImhJ) ^ 

^jJl Aid J J'^Jj'yi J aLyJ*yi iijJ J iJld Jft**Jl 4.-*-J 

eL>EjVl Aid oLikuo ^ ^13^1 ^ ^ J ^ ^flll Lst .aJL* 

JisJl 4]1>JI J iiJiii oi^ o-UJl ^L: ^ c-^L:ii? ;iJLJl d\jj^\ 

Supermaneuverability, 4JUJI ^ U ( 4j^^ J^^^ 5-10 
High Angles of Attach 

ol/.^*;.*» c (air-to-air-combat) (Jj^\ Jliill V,^' 
jjbj ia^l I'ij^ t^j -v^l iuJlxil c-j ^1 JLcipl (^JLil i2*iil c^^^UJI 

.iliLi ^1 4x»IJUj 1.^:C»1>^.,^] 0 jI* J S jJbJl a ^Liail j_yLJ JjLiJi jL^I 

A^^^l ^jt^^^l ^IJL>bI^L OlSsft7.rt*Vi .k^J IJL* JLoJLicoJl dlyCJl <^^^tjj 

AIM-9 JJL* (narrow-field-ofview guided missiles) J-5-,aJI <jJjJI J-^j- oli 
tjJLp JbJL-jJl 4ia«L>MJl ^ ^jjUaJI iJU- . iSidewinder 
J5»-J SjLiJ ijj^ j^iiS^ Ujj iJLjk ^L>Sl SjJuJI sylUI 

oi. AjLfj i-Jlij^l (Hawker-Sidddey) (^J— ^j-* vljI ^.j 
(Thrust-Vector j] (Taildog) ^jjUaJl JjL^ fUaJ f j-fi-n 
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(bore 6^ ^ S^y\ ControUed Taildog Missile) 

fjj)' t^j-^aj ^UaJ ^ ^UaJl IJL* <JLdL5C*jj .Ll^*^ 1^1 sight launch) 

^tj-s^t ( MJkLjejLj (jlla»ji ^ 4iJUb j^^JLp ^jjLv> ^J-A^ LoJJLP (^^^J LjJu» 

dJjLj«-Jl ^ (gunnery) ^_^jlJI jjJb ^UiaI ,11JIia JI^j *y j tLSL.^ 0^1 

LK jjl* SjJLiJi (supennaneuverahility) iJiSliil i-JljjLJl yu 

jf Ojl <ia2j 4jt (ijij (^JIp ^Ij S jSliaJl JUoj^ M^^Ljd SjjILi 

jl ..■tII 4jjlj J-o^>tj^ cJlJjllpj . (equilibrium or trim point) cjIjjI 
ijjji f>f** tj^l ^^^^ o^LkJl (pitching angular momentum) tijl>Jl 

. (peak angle of attack) 

\7.,/»\\ dj\y> Ol^ftiail IJ\ jjLiUi j^^liJI J^LiJl J 

AJiiJaS ;i5SUji SjjLuJi cJia-^ JLiJ Ajjij ^Ijj L. Jl (trim) 

Sylkil oljU- ^1 :uSUj| SjjLuJl .ciJL^il S j\]al\ Jjd i-jtU- S yUaJl 

Ot iJJL^i S^LUI jt i^JJJ\ ^ (dogHght) ^JL2]| ii^L ^ULiLlJl 

Su-27 f^j^^ l|7fl.k ((cobra maneuver) l^^^l hj^J 
jLkj» ^ (Viktor Pugatchov) «jj-iULpj_j 'jjJl jL^iaJl «^W-2-|J 

L^-^ii SjjliJl j'^l 0^ .1989 

.(Mig-29) ^29 ^ S^lk Ujlil 

ikiJ ''^-^ (full nose-Up control) S ^Lkil ( yL5) 

UL- (pitch down) syUaJI aJLfl ^j^I^Ij ((recovery) ibjLu-*yi 

.AkSJI dllj jIjl>JI/jJLj 5jjIj j! 

(gifljjML j^iy 5 J^^Ij SjjliJI J^^i:L-j 
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. )i J 2L1L- ^\ Jj»-1 ^ I^-JCp |i j a->-j^ j,-j55' j^lJliiVI JjJ-JLII JLaj aU*^! 
j_^^s:j aJIj^! (J'^b ' 1^ ~ -1 ^ iijJLka %^ ^ j'^^'^ jM*^' ^L-J 

Hoh and Ashkenas, Journal : ^yi) .S:*- ^jJ) c-JS ji-ij j^l Jbu ^,i-,ail 

. {of Aircraft, February 1977 
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fj^aHj Afij^\ jj» jJS Jti*»J <Jj^^ iS'^^ji-Jl ^ 

tdUJLj .a:^*^ Vbj^ ol^l^)f t>Li^l^ (^^J L^L^l 

jLi^l t (Michael A. Gerzanics) ^^^-SlJlj^ lj^^^' 

iiSUil <-JljjLuJl oIj F-16 o^LlaJLl (vectored-thrust) 4j>-j-«J| ^jJI Jyj-^ 

^Jj-^ Cr^ 4^c--^ljJl j^j -lij-S ^ ' Z*^ ^ L-^jJJl (Sj->^^ iiLjL-i*ifl 

. (hook) (JlkUl IfJlp jJLWl 0 ^jj^ 'j^j^^ 

Unsteady aSfUll 2^1 jjUJt |>Uai ^ ^^2:^1 ^ dL.l:.dj^)[l 6-10 
Aerodynamics in tiie Snper Maneurerability Regime 

i-jL^ J Jjj . (Zagainov, 1993) p\ j^*^! J>i S ^ S?... « li m-j^^LuoLlja J^V^ 

(M. G. Goman) CjLo ^ JJ jj^^^ cr^^-^' cy* * *^ ,^^0 

^ iiibco t^ij-ojJLU .Cmj Cz jLa o'iUU-J c (A. N, Khrabrov) 

a^JuJ viliJbj .(11-10 JSLiJI) ^yjil JL* iUip^fl iJb>^- JjSfl i^jjdl 

jljiA^f I ol jLi^l oJL>- J t (typical hysteresis loop) J^M 

( ^^Ij a^j^I aJL^j ( f\ (forced oscillation tests) ajj^\ 

JigJ J Ji^l S jjA-^l (vortices) oUI jjJf 0 

J-Ul s jJ j_«Jl oLot jjJl J-«-j«-j V J Ijl* .^j la ... il oJL> ^jlLo ^y:.?- 

.jIpLiJI oULs" jLfi^l t J-flLnj iiaJy> LmOjI ^ Jj OjST.«.»li 

. (Ericson and Byers, 1997) ((flow visualization program) J t^LJ^fl 

4jUJ| oblJiijal Otj (t-jLil»Jl ajbJLLo ^^yJl Olj,;^ ^LjuJl 

F-18j F-16 ^V^* *^ 5*^>*^l ^iJLli^ *LEX *^Li»JLj i^USl 
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The transfer ^jL^^ J^,p^l iJb 1 _ 6 - 10 

function model for unsteady flow 

Cn ^1 ^JP c Jli*^j oj^^ iL-L- ^ 

tlUi^Ji oI^^JclJL L/IJ (Cn) iilJJli JjSfl jrJLJi <JLJLJI |iJLi.i^j 

^/ C„ JJL- oUiJLJLj oiJuJI ^1 jU . (Greenwell, 1998) 

J i**-J-<Jl obi ^1 JflJi 4_:>t-jj>t-vf ^^1 j-^l JjjjJl C^UaJ^ ^j-a 
.SjjUaJI JlJ ;ja ^»iC>«l<JI jl SyJI <Jjlj3l olS'^^l ^ c La jajP t A>JUi» 

aJI (_yJLp I^jJIj ^>i'j^l (^;-^JL^-JLI LJL>- ^^^Jaj iJLSCjUJi oJLfc Jjs- J 

0 jJJl J ^>*JI ^ J^LjtjJl i ^! . (servomechamsm theory) j jlj-^l ^JLi-^l 

O^Ax-lJl ^ JyoUiJi ^ US' ^-SLaljJjJl 0ljJjj*Jl J-a Aj>JL]| iLSLaLji JjJ^I 

iib <l>j^^ -V^-r*^' oISLjJIj (hydroUc actuators) i-XJjjJUfJI 

<r>-JuJ <3 ^ jl^t^j .J.,^.JarJI IJ^J LJULa 2-10 JSLjlII ^ Il^;-JI Ju_^j>ijJI 
^1 J_^jil c (Fourier function analysis) jjjji iib JJU^ Jl* (i^! V^^J 
<Jb ijjLiJ oIj (Greenwell) Jjj jLiI U--^ j j t Uajl ^lJIjU^ ^lij 

Ol j-^JaJl aLSL»«^ ^^lJj-| jj-^j I g 1 4J J g ^^^^ ^ I ,^ ft ^j-c^ (J^J~^*~^^ 

4 ijjl Jj>>^ Ls- >^ Jjj t>dj-^ tJU^I J . (Abzug, 1997) jrr*^' 
JS" ( LjUiijl oLaljJj ii j^wOjla oULj^ t^-^Jj ^ j^ ^IjJ oLijJaiJL! 

A3»-jjJl j:J^^I JliwL Jj_p«lJl oVii JJL>tIj V -ic^-*-^' L5*^^^' J-*^ ^ 

.j^^i Jb- ^\ Ji»JI IJla (JLp (first order lag forms) ^Jj^l 
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fi t, sec 
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A^i-iaU^) 4^1*13) 
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60 



a, a«g 



^>:2ilj f j>Jii ^yjili iaJ>l ^dj^l 11 - 10 JSLtJl 

Zgainov, AIAA : IJLa ^l>L!>a.'Ui»lj t ^ ^jjIj ^ J-oU-o oI 

.(Paper 93-4737, 1993 

j^jjy ^ U jJLj iLJUJl <3jjJL! t^j-fi^l iJLft jJUfl^ (Bernard Etkin) 
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Ji ^,rti-Jl 11* Jl* JU*Sfl cJL^j .1956 4 (UnA Report 42) 

OjLfS'^ t^l^^j (Kjenncth Rogers) j^jj (S*^ Ls^j! ojifjl 
JjjL^ t (Roy Richardson) Oj-u-ijLlijj t^jjj t (Thomad Burkhart) 

.(R.Vepa) Lij t (William P. Rodden) Dijj ^^IJjj t (Moti Karpel) 

ii^L>tjVl S ^Qai (aeroservoelastic model) d y> fj\ jJ^ ^JJ^ ^ j-gJ J j] 

^Jbii^l t^LoVt ou>-ljXoJl <j>tij>-^l oli GrummanX-29A 

iili ^JL>tLu-l cUUiS' .0 ^.L... g.H oL^juoLjij^^fl 4^L>«-«J Jjjj>cij| 

5 ^UaU 9.\ JLl* ^ ^1 ^LJ ^ j-gJ JLp DLR fJJ^ ^W^J 

^Lp ^1^1 J-^aiJl ^1) (Fischenberg, 1999) tFairchild/DomierDo 328 

.(4-8 S ^1 J 

Inverse Problem I>.>^l USCJSll 7-10 

(planar S jjLJU .:L^U- 4\^Jla ;1jLuJI oI yliali ^iSLUl aJ\ jjliJl 

oMaLui ^j-*-/* Oj3 ^'J^^^jj 4>^^ 4ii»UJl l^j^l SjjLi^ manenver) 

a {ijy/taW S dLalbd iJi^ij) Oljs^l jL.jg 

jl (full-nose up) J>-IS3L sylkJI *-4j! *3j dLu.bjdj^l Ol^^Lj 
SjjJlJI A^^Jt^j (thnister control) ^jJl S^Jj ^^Ji:>^\ 

Sjjli^ jfl..." J . (full nose down control) JjoL^Lj 
^i^^jft^Jl ajjIjj ^LfljjNlj tApj-JD Ji>^ ij^ fl'i* (open loop) o-ylJl 

SylkJl JLiJL>ci3 L^^iia>. j^^^SUJl JflJl tiiUJl oJUb JJLb 

jjL>J ^ |,J AjI jj1*-q-J til^*J« SjjLLqJI C)Ij JlltlJlj i\jJL/»\ JLp 



305 



(nonplanar) hj'7,„t\\ jJ>- oljjLuJi ^ lih^ d ilUJi aJL* UJJ 

.SJiju (geometry) t/^b 

jjL« jS^^ (position coordinates) oLJlJb-l vi^^j c4^«i..k 

jj^^l jlSj .syL^ ijt SjjlLji dJL»»j t (Euler angles) WbjJ *^»— 

JLij . (Myers, McRucr, and Johnston, 1987) m-jj 7 ^ 11 oIjjLjl-qJLj 

. J (AijjjcoJl yO-yO A^l^^JL^i]) ajjLuJl J^^^*^; oJLa il.^j>^^ 

^^Liiil 3j-QjJlj t (normal) 3j-q-«JIj t^^Lo-Jl _ ^^^jL^JaJl jL-^l oLjIjl?-! 

dLilSLJl ^ ^[oA - (binormal) 

Thrust-Vector U5liJ| ^^ ^Jj\ jiX?»iJj 8-10 

Central for Supermaneuvermg 

oLo-^j>tj 4Ja-w-(jj t^LltjB l^j^LS" tiiJli ojjLl» (J^j-Jaj ^j-^-*^ J-* Lft^ 

(thrust- ^jJt 4j>ti^ ^Ijlp*:lu-Lj ^iLoJUfct jj-Lj caj^LipI i^SLuBLjij^J 

ajuJ yjiJj . (Gal-Qr and Baumann, 1993) oljjliJi aJUfc jl»«j)f vectoring) 

: j^fc O'^l Jb- Jl l^-^ ^ 55jJb- 4j:>-jj 

F/A-18HARV (High Alpha Research Vehicle) g^L»^ 
yuVI J kj^ji ^^^^^ ii ^ oUip ^J^l «W 

iJU- i^^jJlj ji^!>ms3l Uftjl t^-ji 12.5 LajIjlS* (j*,a51 Jjj 

(j|JL»Jl /(^JLi^j ijjij (Jl* Jj ./i^bH ^jJl X-31 ^1^^ 

i-J^^ i^aLffcjB ^U^iT.ijIj 15) LajIjlLo <j>-j3 ^\ 

^ IJLa ^jlJI ^Uij J^LS1:lij :F-16DMATV g^U^ 

.(13-3 J^l) i^rjA 17 LajIjlI. jlJb^Jl/jJLjj Ujj ,^^1 

S j-»-3^ li-fljJI 4_* oLyiJl ^^-JiiJ J Prototype YF-22 j^^Lj^^ 
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.(Barham,1994) 

Forebody Controls 42SUIt iJt j^Uit ^ jJL^ oUi^ 9-10 

for Supermaneuvering 

Jjj- oLj-Ul aJbJl dULiAj .lJLi^\ S yLkil L-JLi^ 

^^^li-Jl j^yJU (tabs) oUjI j-Jl ^IJLici^l J ^\ ^\ ^ ^ JUaiil OIj .S yliail 

.^JLp (J (J^^ iSSUil oljjb-Jl Jufi- U**i-^f 

J^LlUil J i^yi j>« (Pedriero [et al.], 1998) 4IpU^j j^jJU ^ ^ 

o^Ijw OJj . (forebody blowing) a^jlLo ^iJt iSj^ 

JLLP y^-^l^l ^JU0.04j 0.02 j!Lo ^ jIjla^j gj^^^lj i^r^jJl ^ijjp 

^t:>-l Llii ^ t J la,...*! _ ^ jj* JL^Ij »--Jl^ C**^' 

iluLJl 4\zS t-jL-JI ^ t^^^i t(i v^Li .i^-jA 70 ajjI^ 

I j^--— X^jtS oU^J JJlP j . (closed-loop) <iijue <iJl5o ^Jo^l li^^M^ 
LfJ iJ\ ;>-**«d t-JUJi 

^ jS/l iiJai^gJl (chine) S jji j-gjJ ^1 ^jlLo oljLii-l c^Ij 
OjJ^ (mass flow) t^^li^l c)Li^;-JI ^ ^^<j>^\ i-ia^ ^>-*>«^ t^*— 
. (Arena, Neslon, and SchifF, 1995) iJLUJl i^l JU> ^1 JJ 

^ F/A-18HARV ^Jlll ^JJ^^S O^j dJL* 

S^yk^ ^*^\ i-JUL. jy Jali ^ILIS (Strakes) Sj-*v» 4-SLu.bj5j^l 

gSblJl tJUjl^j tAxij^l IjIjj iaj-^JLlLj ji^^bJIj oLiljjJl ^Jl* 

. (Chambers, 2000) 4jiu>.JL«j Is^S:^ 
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Longitudinal Control did >u^*^l j aJLUI ^ >l J>JI 10 - 10 

for Recovery 

Lljjj 5iSUj| SjjLuJi J^yi i*SC-::SC2j| olyUaJl 
(static longitudinal <J^jSLJl ajjI^^JSlu-VI ^ aJL- ^^i?- jl 

JaiUtjj c(pitchup) jJLjJL IjLu S^Q2]| JjoIS* ^,^Ci>idii .stability) 
(recovery) ali^^^fl Lo! .J 1 (nose-up pitching) i^Vl ^_ys> 

jJ^ fjL^\ ^y- (nose-down pitching) ^y> ^ ^ «,,.1^7i 

.^j-i»lp i-ijL j\jL«ii Ji^lA iJ^j (unstable pitching moment) 

.ila jl-iNl ^ ^ 4-jjljCL8 oJU>L5S' ^ fjP ji' jlSI |»J 

tAjy SlS'U»j« oL-Iji ^l^'yi IjLa jlli^I Jij 
/OLalj 0.3 SjlJLi. ^jS' 01 Jli, .(Mangold, 1999) ^L-liJj JUjJI 

SjJiSii ^ aJL/> oli il^Jtuo JJliliAj .^^1 SjjIlo p-LjI (rolling) 

^L-JL) jJjjijLi c 4 K M. 0 li oJLjJj .iUU oljjLijo J^.ta" J^U- 

. (amplitude) i^-iJI jl JlkJI iioU^J ^ »--^jikJi 

did yLu-*yi 01^^ ^\ jj- Cu»JL>>i^i J (Nguyen and Foster, 1990) tS " >■ 

iiLWll JjU^ u^y^Lj J^L^ ^ JiVt Jb>JL ^LlJI jIjl>J*!/I 

tOl^«-i» «^^^H o-^^ ^j-=^J -Sy^* ^»-^>^ (parameter) iz-u-j^j 
.jy*^l j-A UajLjw oIj (Nguyen and Foster) yj jd>*j cj^*^ 

Conclnding Remarks cJ^Saa^'iiA 11 - 10 

e ^S:... oil ^ oLSL^iLuj j^^/l Jl Ja^l J y>^\ Jl JIjl:L|I j tj,-^L>iJLil j 
jJLjj ,Ijl>- iJLp ^ j>tA Li jj J oj 4j>t>«JuJl oL»l jjJl oL^^ Jl c SjlSx^I j 
(thrust j^-J^I ^^^^ y oLiSj J y, ^t«:j>«^ ^t*^^ ♦-^^,,P*^J ^JlSi]| l-J^j^ 0^ 
.^JjlaJI j I J (direct-side) s y^LJl ^^JL^Jl sj^jlj vectoring) 
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High Mach Number Difficulties 



c)^ ( ^-'V^ (1;^ ^^J^^ ^J^lJci^i JLiu ^^^^^ {Sy^^-^ 

(.szj Xs'yM ^\ iwwJ (_$JLll (Mach number) ^Lb 

a jjLlaJl AjjI jAI^I La ^^^^Ijj f'l j-fJl OLij^ ol ^^^^-'t-J jLm^ ^^"i^h^ L^"'^ 

ijlJLj f,^\jJal\ p-LLjI Oj-saJI ipj-wJ (^jSfl i^lj^l JJJoj .Lfj 



Slow Buildup ^'j^l ^>idl 1-11 

^ (G.H. Bryan) OW'^ ^i^L^jl l|7w;T t (Lord Rayleigh) ^^Ij ijjUl 
|J (UojI (^1^1 Ji>^l oL*ljd otjb (41^ 4>^>ll <yj '(1918) 
cj ^J>■ t^Jliil ij^L>Ji o^pJU jJjSfl ol ji*Jl tLilp ^^j^ «^ 

JU» 1927 ^Ip U.LA^'yi aSL!Lj v^liUl o^Lr JUUj 
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JJJDI^ oJLpLLj c^«^ J (Hermann Glauert) oj^JLp t,l^LJl JU 

J^Ln^ oIjjLrj SJLpLiJl aJL* ..,7 . (Prandtl - Glauert lule) oJLjjJLpj 
JLLP JaJuioJI Jjiljt^ jIjlLo f^^Mj (^La ^ (pressure coefHcient) izjcvoil 
(incompressible Jgj w » 11 ^ '^'i^ ^ f^J (>" («-*J ti' 

.^U ^ ^^a^t-H ^l-* t>» rvalue) 

tl914 |iLp ti^jLluQ (^^! SjlpLS cjjj^p \u9S c (small perturbations) 

(H-STsien) ^j^^^j (Theodore Von Karman) OLoj-^ tJj-» jj^j-h 0-^ 



(H. ugh L. Dryden and jiu^j OJbjd Oljji^Jlil ^^^^1 JLii .4£i»l^l oU^I 
5_jj <i j-i oLpj^ Sj-jJtv» (airfoils) ^^-j-jLL^ Lyman J. Briggs) 

n^:^ i> (John Stack) ilLi^ 'Oy>- oI—j**^! ^ j 

jujI naca 

jij ji-ii ^ ^^j^i j^i jilii iaAviJi A ^\ jLij 

jilJl Oj-haJI (ijJ L» ^\ flj-fJl 4_p^ ilijii ^^-jiu-^ iS^^y^ 

^ c^L^ iaJii j^Li^l tilji?! dUij t (airfails in propellers) oL-U^I 

^ (jump) SjjiS Jj-A*- j! t (discontinuity) jl Ajjl^*iu-Ml jikUl Oj-moJI 
SykULlI aJL* i3Li^ LT*^ J^j ( jLWU ^lL^I j^JLp ^^x-^t ^W^' 

.(1-11 JSLtJl) (compressibility burble) UtU^'Vl ;uLjL3L 
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A-i-,AJjj>*ill ipj— Jl J (air speed) ajj->JI 4_p^^I jj_Q-j>t^ ^^^a jLL^ 

.jLjiaUJ 4^Lj-j^fl ^Ja*Jl JSLi igj>-Ul (induced speed) 

j^^^^ ^Lo jl 4_:>-^,j>J| ^ obLjjJl iiLLw- JJLp JLiJj 

4.*^^^^>bj ^'-'^ J^:;^^^^ ^^t^^^ ^jJa^l ^ i^2«3>cj 

JL3j (thickness) aJUJ jl (lift coefficient) J^U^ ^^1 ^ tLJi 

The First IM?e Puflout JJU ;y ^ Jj^l jS'LSlj 2 _ 11 

Problems 



;UUi3lj ;L-ytJl a:LLj| t Lockheed P-38 Lightning sylis 

aSjJ» jij^ j-^i 'Jk-ai Jujijfl? ^ (adverse compressibiHty) 

J^LluQ Ot .(C.L. Jhonson) t«Kelly» J^^ ^ ^^JLiJl JUj^^ 

J^LSu. ^ Pjs:. ^ o-!iU»l *^J^ j' t^UiiJ*^! P-38 syUJl 

aisl^JI SiLjil Sll^ P-38 S jSlUI U.li^'iU ^1 jJtll J*] J 

. (horizontal tail) ^Sfl t.-Jili ^jSLJl ^J^kjl aaaL^ ^ 

^il^ jtiilft^l pys^\ 0^5* J^UU.A^Sfl Sybil? «,,..mi ^^^^i J^i^ 

4i^U- cJlS'j t^li^l ^ 7.15 ^TL^ (NACA23015) cP-38 S^OaJl 
^Li^l 01 .(NACA4412) jLJa-Jl ^ 7.12 ^Li^l o> Ji:^ 

ijl ei^jil Jl*j t |i _^j>*^l ijjij SdLj ^ t t-JJULI (downwash) 

.mJ^^SLJI a^^\ 
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^ 50 60 70 80 30 fOO 



9 1 1 jlj JLii> NACA 4412 yU-J^ifl ^Jaill Jp iai-^i ^Uj^ 1 _ 11 J^uSJl 
ii-^^yb j1 i 0.74, 0.66, 0.60 ^iJ,^-Aill^L«|»tijtj t JI-Vl Jl J-pSI j-« .iL»-jA 
(^jJLiJl Mitl (JijL>-L«wa ^ 0,66 (^jLmui ^Lo jllp Ijlj & IJ^UU^VI 
. (Stack, Lindsey, and Littell, NACA Rept. 646, 1938. : j^) ^^Vl 
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(nose-down ^j^jjJl ^-y^ ojjJa>Jl ryt i>-jjJl ^^j^^iljj 

^ (pullout) jJLjJl j^LljI ^^L>z^\ J-^Ljt^ 4j>-L>sJ1 jllp trim) 




J5Uj j^^SLJI ^^^I jI ^^VI Jb>j . NACA ^ (^jlS 16) ^p^I ^^U Ji\j^\ 

. DC-4 S /Uail ^] ^ LJjJl J t P-38 JL^^ S /IkJl J:>-! LLJl oULJl 

.(Hood and Allen, NACA Rept. 767, 1943 : ^) 
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66% C 




^_^\J^\ Jiill ^ P-38 JL^r ^ S^*UaJl 1^ jjll ^U^VI ili ^1 oL'iU 3 _ 11 JSUJI 
Erickson, : ^) P-38J-LO i ^IkJ) JLaj U-jj NACA ^ JLi 16 ip^l 

.(NACAWR-A-66, 1943 

tjS'LiLJl oJl^J |»UJI NACA Jjyj j^^jl ^^isrl 

jJLi JUiJj .Uji 16 t^i ^yl j^il jiJi ol jLss-l ^'^\ UJUl j 

j ji aJU p| jjfc oUj-«- C>\J^>^\a ilK-JLJl ^;;jJlJI ^^^hoxJI P-38 5 ^UaJl DJb 

^1 jl Vj. .L^ijUpL o^LkJl ti^V* j-^*^ LoJLip oL^».'>bi31 

(lower ^^^^^ ^ aIaJLII oLtjUJi ^ jlS' <JLp J j-,fl>Jl (gain) (dw^^wuS"* 
iiUJl *.jiJ3- qL^I 1/3 iiL*^ ^JLp ^pj-i^j-JI surface split wing flaps) 

.(3-11 J^l) ^li>JU v^Vl 

jLjJUtj c.^J^ fc (auxiliary flaps) SJLpI ... » ii oL^^I Oilj JuLlj 
iJjIjAil J^Ljw t (dive recovery flaps) ^j^UiiJ^sU i>JU-Jl oLj^sUJLj 
U jl jlJL- i^j— . JLi^ 0.55 J ,^ . i P-38 UaJl J (trim lift coefficient) 

.(Ericson, 1943) ^L- 0.725 

^ (auxiliary flap) JLi>L--Jl «-»^UJl jjh ^J^A^^ jl J L» 
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.^Ua2j^fl 4j>Jbiu> mJUp (overcontrol) 

jLiail jJ> iij tllflj .j^^^liiJLJl ^Lb JLip t^JU^Vl (elevator) ^ J\ 
^Uai;*yi OL«-/ai (trim tabs) k..^!! ^^^^ J*)^ (nose up trim) 

tj_^Sfl j^i* ^^j.5ii**»j 4 JLiij jlS J (blackout) tLiJj" 'cr^ 

.(g-value) eg <^ juljj 

^ ^JLlS" 25 Jajj ^ 4w-ijL>tiit ^ oJLiJb*- 4JLJL- jj-I ^^^^ 0^ 

Lf) (dive recovery flaps) S^Ui^l oLj^ P-38J-LO aUL- 

jj^^^l SdljiLMil oLj^j tS^^-^ C^-*^ C.^ oLp^^— u ||.^»«J 

.P-80j 4P-59 tA-26 tP-47 olyU» Jl* 

P-47Divec4ljjLirf-i S^UaJ) ^L^l oljLlii-l 3-11 

Tests at Wright Field 

P-38 Lightning S^liaJLj ^ Republic P-47 Thunderbolt S^LkJl 

P-38 fj^j V^^' V-P-^' o!5tfU>. UjkblSi 

1^:<*1 (supercharged engine) pIaVI j_^L* L5 ^j^iui P-47 S ^LkJI vIULiaj 
jij (y>^ Uj ( ^Ua2j| oIp^^j (^JLd 35,000 ^^jl ^^fi^ J^^^^i 

bJl:^^ ^J2 d\ Jj»-i^ ^ P-38 Ajjs^ ^ \ jJS P-47 iiJl^ JLoJ 

.(Perkins, 1970) 
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18 20 22 24 



<>Vl Jl OA ^ V « <3^1 4-11 J5^) 

. (Perkins, Journal of Aircraft, July- August 1970 .OM ^ ^jXs- j^UaJaJl 
35,000 ^ j\ Jlp cLa L^U^I ^^jUi) S J jL^ L^UI ^^jJ 

J-sAj LaJLLp J .(4-11 J^JJl) (nose-up-tab) ^ jJl ^^r^ J?*^J J-'^^ 
JLip (recovery) ab^^*^! iy>-^ {S^y^ J-**^ ^^^^ ^Liljl 

.i>c:j>-bU Cr^'j o^J^ ^ 'f'^ 20000 ^U»jl 

I jLgJ iJUjLs^ V^-^^ dJUL^ (1)1 (^yi^J! ^ jJ JuaJ 

:^ '^^\ ^lJ^\j .naca 

.|»Ji3 35000 ^ j\ Js- (elevator) ^ J\ Ai^ Jv?U- ^Jlp JlJbjJi 0^ - 1 
.^.iUillj ^^"^I j^h - 3 
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jjijj C)l it-jL— oi* (jjs^ Ijla ^ (Perkms) y^jiJ « jS'Jb La 

t-^U*j tNACA ^ jjUl jjjL-^Ij^I t (Theodore Theodorsen) ^jj^^ 

^ JlJLjJI ^^^iJuJl JLit <>» 0^ (flutter theory) iiy^l 

Lb! .aJLSLjlJI ^ j_y— j-^' vr-^l c-JjJl ^ iia (hinges) J-^li^ 

(Richard V. Rhode) ijj ^jLiLijj NACA ^ J^L^I ^/»./7-W:oll il^Ul 

c-^l OL (John Stack) iJb-- 0^ ^..Q-^rTjij (Robert Gilruth) ii^j^^JL^r 

il J> ( t^jtJUJl UajJI jLkil JLIj LiJLlP .oLi^ ^1 aJL* ^ 

^LiJl c^Jj J-L^ ^ US Air Corps ^^^Vl jJjI 

0* JSLiJi) (P[Perry] Ritchie) ^jl::^ ^\^\ (Air Corps) (JjUp 

fj^^ iSjs>r\ .JjIj^ ^ tJf *SjJl5 jtJfcJLitj ^LJail ^j^il 

AiL LL-j cJl^j P-47 syUftil JU^ ^yL^I jLss-l y> JS] 

0.5 ijUni^Vi cJl^ Ujlu tLot y> 30 Ul 20 Ly> ^ d\ 

.(Republic) ciJULuj iS"^ j^^t (Sj^ iS*^ Li:>-*y ^jj^ SykLlaJI aJL* 
J-^ U5 t \^,»a\ ^Lo S yklt ^^^j P-47 2 yUaJl cJl5 JLiJ 

Jl 5>^'!5U iifrjUJI ^jkJI JIp U^ULMiiNI P-38 5 J\W 

t^JDl j^JLp j (downwash) O^ij^i <p Jjlm^ ^ oUo^ijl^^ 
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. (nose-down trim shift) W . 




P-51and *P-39 j P^l ^^J^UaJl ^ ^L^'^l CjL^^ 4 _ 11 
P-39DlTeDifClci]lties 



North American syliJl ^Ua2j^fl ^-IjI ^^Uc^'VI oljLi?-! 

^ejLi* JJ ^ i^JLiJl jjjli^ii 1944 *Lp Ji»- ,y P-51 Mustang 

fj^j^jy Jby JLSl^lj t(Wallace A. Lien) ^ ^'^^jj t (Emil L. Sorinson) 
(Chilstrom and Leary, oljLii-Vl oJlfj O^j^i*^! OjjLJaJl (Fred Borsodi) 
SjJLaj ^^2;T ^* t^iJLi 35000 ^ j\ ^\ jJL-jJ P-51 S^Uajl CL^iS tl993) 
^ iJ?li^*yi ^^Jaj ^Lo j! J-^ (power-dive) i3 

.^U 0.83 Jb- Jl ol jL::i-*VI ^1 ^;*s«.l aSj 0.75 ^ Iju iji»U-Mflj*ifl 

(longitudenal J jWl Ji*-^l Ojl ^ ol jJu ij:*-! j» c*ij ^ 
P-51 syLJaJl ibjj LiJLLP tiLiiJl UajJl j trim changes) 

JbJbJl (heavy buffeting) SJbJLi oIJIjiaI ^^^ii: 0.83 ^! 

iSJbu fl^lkil Ctft./> JS J tOljIjlA'^U i>e-jlj C-^jl S^liail J^"^ 

ij^. ^ Ji:^*y (Borsodi) ^1 ^1 ol ^^Uoij^fl ol jLi^l ^ iJLJLJI 

JiftJij ^LvoJl ^ ^J^^^ U^l^J (normal shock wave) v^^l ojUaJI 
jjiL^- J J^Afilj Ja-j ^1 (wing root) 8jJb»- ►IjiijI ^li^JI ^^Ip ji2*j 

olj*»KJl iky-l^ 4k2dLJl jj-^l O^t LoJLlp O^j^^^li-Jl C-.^ Jiij .43^ 

.i^ii ;iiji>Ji Ai^^i ;ij^i szj^j\ J 

^ ^U^l jl^^f Bell P-39 Airacobra S jSlkJl ojl^ot- ol jiun Jjuj 
t (L.A. Qousing) ^i^jiS ja JLaiJl jLlaJl Ol^j .NACA ^ (j-i-*jl 

^LljJI jJl^ jjb NACA 0015 jLkJl tl.....! LSL^ UIjl:^ P-39 5 ^QaJLJ 
(nose- ^ ^1 Ojl y .^IJi^Jl NACA 23000 J-a^^-jj 

J^^l oL^UaijMl A^ljj ^ijl ^;52*-^[| SiLjjl OJ down trim) 
iii JSLi Li :L^I* U»Li-^*yi oI^*Ij Lit .^U 0.78 

.^LMiSi'J/l ^Lj*! I^jIp obl4:>.)fl (fabric) ^^U53l ^ y.,/*.\\ ^ J\ 
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Transonic Aerodynamic Testing 

43 ^1 ^ oLuLi fjifi- J ^i^N jU«;a Ck^l J JLoi ( ^ ^ S 

^ (choking phenomenon) JLii^*yi SykU? JUj^I j^^ij 

^ 4^JCLAk]| A^.l./lll oU>-^ jLIIjI 4j>g^ a ybliHl oJLa ctjJL>J .aJIjJI iZj[£^jj^\ 

oJbljj Ui^ t (test section) ^j^^>^\ ^iaia ^ jW^*^' ^iUiJI 

(Robert R. ^jjL^ ^j-iJJ (W. Hewitt Phillips) ^^....1.9 

iflj^ j^fcj tilSLiUJl ojLa J>»L>.iij Sjlp-j Gilruth) 
y ^ *.ja*^ 6-11 JS^i (2tt?dJ .(wing flow method) ^ji* JiJLi3l 

Jl ^_yJLp (Local Mach number) ^_yL>iL-«Jl ^Lo LfJ JU^ 4 2L:< 

; j_yJLi LfcS" i5j^;ia]| aJL* ^j^u^JLi iwiyy j JLdj j .(« jSLWl Olj^ 4jj>J| 

L»-jij ^»-pIJ j-A ejL-*Jl ^J-.dj>tli jj^Ij- p-^^Uflj ^Lljjtjl ^1 laii 

^ij-«jJt jijj ^^;a-J( ejjL>t-wJMl ^ j^LsAflj^fl Sjjbjo P-51 0 yUaii ^i^^ (Jt^ 
jl j^jf^ cA-JLiil 5JL?-lj Sjji ojIjLajo cLUij Al^ 

lSj^^ J^*— j .(flap) 
^^..^kjJl aJLq^ ^ jjj . (oscillograph) oLJb^ mI*.^ J ^ ^ ^^^1 Oljt^' 
0.7 J-^ ^ l^-^ r4^\5 30 (diving) 

.(Phillips, 1992) ,.1^1 J**j 

LJLg^ A^"^ (small drop model) i>LLu-Vl ^ 4JLvaj>t:Lu.^l 

^ (porous or slotted-throat transonic wind tunnel) S jj>«:L>JI J ^ 
^^1^ t(NACA) ^^'i ^ t^fUl (Ray H. Wright) izJij 
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S ^UJI ^LJU^^t ^kJi ^tjL> ^LmS^U* ^Sj^ cjwaj 6-11 jSLSJt 

^Sj^l .^Ui-VI i^liil ^liJUl Jp p1j4JI CjL^ jLi>-1 J:rl ^ cP-51 JU-i 

: j^) .tiU.l^ c J S ^LkJt L»JL^ i ^-soJI ^jJLi-i (J-p oLp^^^I <■■■ .J mI p ,» ./» <» 

. (Phillips, Journal American Aviation Historical Society, 1992 

InYentionofSvwptbackWmg uil^JJ ^^-1 6 . 11 

(Robert T. Jotm) jJj>- o^jjj Jli ^1 qL:^! ^ SUaS Dl 
toJL>- jJLp JlS" iUUJt ^ (Adolph Busemann) jU— i jil j tl^^! ^ 

Jbljill tP-38 Lockheed S Jlo aSL^I ^^iL^l l:>^^\ 

^Lo ^lij! JLip (longitudenal static stability) iJ^^SLJl Ljl^^ii^^yi ^^^a 

C-jPKj j;>Jl ^ (Jones, 1946) S ^^SLJl Aj^^JaJl ^biJl jU i <lJIp j .aJUJI 

JL^t 
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jSj .A^rj-i 79 ajjI^ ijL>-!^ a^[a\ «L>-j tO.75 (^jLJ (aspect ration) 

iljiijujl iAL>- jJl iL-J oli ijt>-l _;i<Jl J .aJI^ U^I^ j V*^ cJlS" lij 

(outboard shift in additional q^^^^ 5-;^iU«!»Nl jU^Vi ^ ^Wj-^' J-"'^^ 
qLl^JI ^Ij-gJi ^Ui^*^' t^^i^ •^'^"^^ J^^O span loading) 

o!i <Aj>-i_^iJl i>»i>-Sfl iA^'S J .AiisljJ! j*^**^! Ujj (wing tip stall) 
^'^-^^ ^^j^^ L^-^iiJ .aJUJI ^JjHn^l hb[>- j]\ 

JOi ^^I .(8-11 JSLUl) ^l^^fl ^LJl j|jL^^f|/jJL«jJ| Ljlj ^Ji. ^ ^-L.^. 

LgJL>ti^! J 0 ^UflJl jAj>tj L» (center of gravity) J-alll j-S" y> JJa-aJ p-Ijj ^ 
.^Ij^Ml iLjJ U-^ o^UaJl ^Jd JlpVI Jl L^Ij 



1.4 




^ ^-1 ^ 
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. (Furlong and McHugh, NACA Kept. 1339, 1957 : ^y) J 
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Furlong and McHugh, : j^) .( J-^bU t-ijt) j3? « j-j-p L>- 30 ijjl^j ^1 ydl 

.(NACARept. 1339, 1957 



li^j! iii la.. ^7 iiiJ^ CP-I^Vl ^^JUajj ij>JU^ uJ\ 

JiJL« J-* (reversal) ^LSCj*JI t (undesirable wing drop) 

yL^i <A P'UJij (spin) jL^Ml ^1 Jji-JLlI Jj*^ L* cQp iL>-y:-jJl JU.U.J 
Qp oljL_fJ*yi ^ (autorotation) ^iJUl oijjjJl i^j-^ oLi t5Jj_f-^ 



jt ^IJL^I Jlp ^Ijj^li v**-^' UJLiJi 

.p-l Ai>- ^ ^ (pitching moments) ^jJaiJl jt 4jl 

. (Shortal and Maggin, 1946) I ^iiw^Jl 
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(taper ratio effect) ij ol jjfc i**- ^ 9-11 JLj 
^M^jjt c)j^ cjSsL^\ 42kLj| JbJ^J Jiij ((Furlong and Mc Hugh, 1957) 

Ji . t ol^ ( McDonnell-Douglass F-4 Phantom S ^LkJI L>.JL9-t 

jl ^^iLu-l 3 jJb>- c 4:>-j3 45 jlJiioJ ^1 ^^^\ yj d\j *2 aaU- 
jj^^l ^jjJ tJa*^ (Shortal-Maggin Stability) _ JLTj^ 

^lyj t6.95 aaLt^I (Lockheed 1011 S^liiil ^L:l:>- ^ JiiJI 

i-jLs^-Jl aj jl jj ^ ...^JL) Lflaj J SiUL? ( Bell - P-63 Kingcobra S ^LkJl o*ij»-t 

.1^1 S ^Li» JU^ NACA .^L^ i^iJUJl aUJi 

0^^^ oJLij JJ L-39 S^LkJLJ Jjl .L-39 >o^l IIa ^jVI 

jLi9>Ml jL^ JLiu L*^ ^J^f'^ ^tj-^ c^"^' (A.M.Johnston) 

.^^y 4£jJi^ 707 «Lii3l J\ S^lkJ ^^jVi gOj^JI j^^^-UI 

ijiLp SiLj L-39 5 yUaJI cuj^I ^\^\ Jiiil ol jLii-l cuL 
dUi ^ t^LjyJJ (dihedral angel) a-SLsJI 4jjIj3I j-Jb 

^_^L>JI JVjJ*yi ^ (rolling moment coefficient) 4_:>-^jJ! J^Ljljd ol 

J*^ ^UJI JVjiVI il^J:^ lij L-39 S Jj> jLJi^ jiS ^liA OiS" 
jl ((gusts) A-j>Ja^ ^Lj v^t*^ ^^-^r^ V-r^' ^^^1 

(cross-wind i*-^ ^-j^ j*^ oUt^-^r »l jj;-)/ pLy^j'^l iid 
(4^LLi]| ajjIjJI oI^U ^ ^jp i^.Ut..*! jLsjlip (corection) 
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A 6 



,(Ref. 10) 



0.69 » 




Furlong and McHugh, NACA : .SJ ^^**iJI a-*J j,» .;>T;j aju-. jllj t ui>-L»^ 

.(Rept. 1339, 1957 

Lo Ji" jLi5-M( jLls 4ii cT^^ 

Sweptback lukJI oU^I ciJUJJ ^1 ^^Vl gt^* 7-11 
Wings are Tamed at Low Speed 
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(wing ili-jk J J ./?->- jt t ^ j^>«-fr^i j ^JLjI^ ^ (wing tip stall) ^L^^l «-» 
jJIp ilLi^l ^ J (roll damping reversal) as^ aU^I ^ ^^1^1 ^ (drop) 

. North American SNJ Texan 2 ^JllaJl j t Douglas DC-3 S ylWl : 



Wing leading edge devices I^UVl SsUJl <^lJbu 1-7-11 

*jUu- (devices) jsL-j ^ LU* L^JLuL>^- ^^^^ 
t (slats) cj\jS j\ ^I^j t (slots) '^^^^^ 

t (cambers) oLjj-j t (leading-edge flaps) i-uiLi^fl iiUJi oLj^j 
.(10-11 JSLlJl) (blunt-nose radii) 

J^ji>cii c^i^li iLjLlil J^-UI L.1 . Lockheed PV-1 Ventura S^Llail 

Jii-«J Lj>{j>'^\ 4iL>Jl oL^ j! slats SJLu-J( olJiiil jl ^1 yiJt Lol 
(cruise flight) ^l^^iaiil JLip LLoJ ^I^j ^M^t^l oU^^I S^U 

(separation) JUoij^fl i^USfl ^iUJl h-j^ jt Ol* 

.^Li^fJJ j^^ju^^i (camber) i^j^idl S^L^ 

^ olJLiil oJL* ^iii dliij ^y- V-r^ (slat) SjlIJLI 

jiiJlj ^1 t/iU* tA4Dj tDouglassABD syUaJlj *F-86 syUaJl 

.UliJi oljljJl iJajlj tj^jjJL^Jl 
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. jjjLJaJl t-jL^l Jj (slats) olJliU j^l-Ul ^eJLaJl 61 



(slat) .ai— <3*iiJ 



-.1 




a = i6.< 



iiU-l ilJLLd) (slat) SjO. >j^l ^) ^1 ^ULI ^|^*if) JLOl lo _ 11 JX^I 
.(Furlong and McHugh, NACA Rept. 1339, 1957 : ) ^^iiSS oVU-l 
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^^k?- olJLi]| oJLa ^ ^lllJl ^JLp jH^; U;.) .^ll>Ji ^ \ a*n */» SiIa 

. (rolling) A5»- ^jlU a J-^o 
; ... I dUij (stealth air planes) i-jJ^I ol jJLiaJl mJL?- Lo-S" 



Fences and wing ^U:jJI jJUj >r*j*- 2 _ 7 _ 11 

engine pylons 

jLiJI OLjj^ oLjcJLj jj o^^-Jt*^ oL>- jJ ^Lj>«JI (fences) y>-\ 
IfjjJbj ((^Li>JI oUjLi) 43lkil ^JLii (boundary flow layer) S^dU^I 

.^1Ij>J| (mSjjI ^^^fclujj JlSiij) J^Hoilj Jij (4^LmJMI 

.Gulfstreamllj *TupolevTU-S4Mj tSudCaravdle t Comet 1 

JjJL*^ (engine pylons) ^LijyJl iJUiil oLS" ^jmJI ^^Ij t}**^ 
oli i«j>-l^;i*j| l^ca^iS ^ t^LjyJLl (^jJLjJI ^Jt-Jl 3:>-ljj>JLI 
Lajjj ^^ji a£jJ^ jj <iti>Jl oJLa JlSj .aJLJI <aU-^I Aa*-J 

11-11 JiLtJl .B-47 sylUJ i^i^fil J^l jL-ii-l ^L;^ 
^_^L>Jl Olj^^l ^ J>\ ^^^^^ (bound vertidty) SmUmJI aIoI jjdl 

(nacelle - pylon combination) jJLjiijl 4^ _ ajl^LJI 4p ^^^l^^ (side wash) 
ip J*^' (>■ • (sideload) L-jI^t ^U*- U jjJU i.-4— j 
0 ^1 (tipor edge vortex) 4iL>Jl jt 4joI jd J^IjliJI _ <i^LJl 
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^LJI ^\ J-^ ^\ (, ^^y^i^ SiiUc-Jl ijP-jUJi <!)Ijj-iJ| iliJaJ i-*S'U-« 
( ^liifiJI f'\ js^ J^l J ^'^^^^ (isobars) t|;jL-iJI law.^!l 

SylkJl J c R-52 SyLkll S yfcULlI oJla cJL^ii-l JLi j . (pitch-up) S^^LkJl ^ ^ 

^Ja-Jl oAaU*^ oUJ? jti^ (»-^ Boing 707 



jjliajl 





Lt 




djJbL ^ jU-l (^^"-^t (^,^' ^bLJl Jp oUljd Jt;^! V{ Jt*^ 

.^L^l ^1 >t jLp JJ.I t^LJUl oUi» 



^L^\ fjoJ^ AiU^^fL ajI JL:>- J JLSj .DC-8 I^IjjU? jj->^ja aSj^ 
Ipjaj:^ 6^9 6 (wing span) qI^I ^Lj ^j.aJL5j JL^^-JJ 5iiU*^l iaJaJl 
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jJL»i3l 3 ^^^^1 a^jlLo ^JLp (slots) (i ^^i-i LoJlip j 
^ JSLij (sheveU, 1992) t (pitch up) S yLkll jJLJ iK-iu. jj^ OjjLkll 

jj,Ai>cji jJijti^l j../g27 . (stagnation point at maximum lift coefficient) 
^Ja- JLp (hot spot) KSjUJi ;L*iJi» ^Uil JL>^I U4I 

. (cruise speed) aJI jk:Jl oIp^I ^ C^^' 

JJ a ^UiP ^jjo ^J^JLmj 4^ _ 4JLui>1j {J^*^ J^^^t^ IjJi^l LaJLlP j ( A-«>^ 

l^lj .syUail ojLa ^ ^li>JI »j> ^1^1 J^Liu. c*^_^ DC-9 syLL» JL* 

't! -'^ <-^'^ * (vortillon) 

S^^Ju^ A^liji jjA (strakes) ilol olJJ DC- 10 S ^liai] 

(David A. Lednieer) JJiJ JLila <-*2^ • J^W^* j <>^ J 

: la 4] ^jULg ^ 

. (nacdle) 6 JSL^ J» lUjjiS oUt ^1 ^Ijl^L 
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Trim Changes iJ^iJu^Iid JLSUJI Ja^l ^jl ^ ^^jtt^^ aiL^ 8- 11 
Due to Compressibility 

S ^LkJl jJLl^\ ^ (compiessibiUty) jj.kU,^ 1*^1 ol^b jLs-I 01 

jt ^L-jJl JLLP (longitudinal trim change) ^^j-la-^l i2-^*/?il 

^ J^LiLJl ^ oJla dJl^j .(1 Oj-^ail j!5U- J-i»W^I 

;L>iJLj^Sfl jnn./7» ]ju L. .L^-^Ljl.j tLockheddP-38 S^LUl 

i-jUisNjo |»-^j>ej ^^^^ S^L* lij LJli>» iJlAj .j^j^^::^! c) jl^ 

J ^ m « lij S jj ./1 2 « ii (artificial feel system) ^ ; II ^LliJ 

^Ja--. (actuator) 

(nose down longitudinal JIjjN J U.,^il dj\ y> j^ju OLS' jlaJ 
5 y Lkj i-^U- 4 K .t. < ( 1 ^Lo ^ v^j^' (tuck under) ^^I—j L« jl trim) 
^ S Jb^iJl JJ ^ o J>.i..^l Douglas F4D-1 Skyray 

ISJbij F4D-1 .**^L ^LJ Jl dUij 1953 

OjJLj (eleven controls) c)j^l oI^LIj Sj^jj^^ cJLS'j tF-D syLkiL 

(Robert O. Rahn) 01 j ^yjj j^^Jl JJ ^ ip^L V-'LiJi ^^15 jVl ^! 

^ Ji y^U-vajVi Ojt (JJ^\ jJl ^lij J^fl 0^ jJ J 

^Lo t(g) j5 (Load factor) J-«^l J^i-«^ F4D-1 cjj^ JLai to^b 

.^j^l Ajj\j ^ jM As^ji 1.5 JdJUi i, ^Ja*- <ijI*-uB 

t,yJLi>iiJ (pull force) ^iiil S y Olj |iJL9*i*-il LfJ} J jJI ^ ^JLp! jlp j 

. (push force) UajJI JLtJl j\ ^1 4j>>L>JI oaLp j ap^^I c^^sAi^l 

AjjlkJI (pull contral forces) c.*»r.^li ^ ^ytJix 4^ ^1 oIa cJl^ UJ» j 

ii>>-^ ^^>> ^ F4D-1 S yLkJl SJLjJL:>> jL>. 1 01 J jti» 
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0.98 Afij^ syLiail cJu^j ItJc^j .J57-P-2 jl^ SjJ* 
^j.k^ .k^ Ojl d\j ^JLviJLutfl ( J JaJi ^jJ 500 ^Lijjl ^^JL» 

J-ui (jip t.jJL»dLl (nose - up) jJL-J j j (trim surfaces) ^♦X>ijJl 

I ^ (nose - up) jJL-iJl ia«^ Ojl^ ^ t S y Liail ^iiaj^ (after burner) 

SyLkil cJl^ iC*^^ UjLlPj .9.1g jIJLOaj 4j ^S^^ \13^\Jlh (pull up) 

S Jiij ( Sjli^ olj-j^j>eij J j-JI F-86 Sabire S yUaJl c)l oljLii-l o 

^,iL-.*bfl ^ ^pJLo SiLiJ oL-L2]| o Jis ^(Andreson and Bary, 1955) 
0.94 j^yJLp ^Lo ilj UiS" ^ ^1 iii j»-5c>ej SjjJ ^ L^LiiJl j jiail aJ ^SLJI 
0 Jl ^ <y 1^;^^^ (dive pullout) ^ ^1 yiil J>t*- j . 0.97 ^JJ9^ j 

.j^^l ^ ^1 a JJ^ UsLS j^bj A«ij ^Ul ^^JLo F-86 fJ^P^ LiJliP 

^ iJL-l^ ^ .Jit SJLiu cF- 100 Super Sabre syLkJl ^ (i-J^-AJl 

liJbJl virflJb-Vl (Paul H. Anderson) O^jJ^l ^i:^ 

^ oi l-».7.iJ ^ )fiyM\ Cij^ ^ i^*^ i^li' Jjl 

Li LLfJl ^ Ii^jaI ^y:>' fc( ^JL ^jJb) LjIjJ^ U ^Ls^j 

(stabilizer ^3! ^1 I^ji-^ j J-^ (J t dUi JJj 6' jt^JL ^.JC^I 

Ujllaj iLi^^X^Jl ijjl ^;*J1 position) 

:>! ^ir^l Ja^V j^ij Jbl>- ^] j^^L^ij^)!! 

JjU^ Jjl^Jt .;«t^ -S^^ S 

. JlO)ri ((speed satbiUty) Sp^I aiji JJ Sp^I 

(mach trim compensators) ^La Ojl >j> oL> o^wJL^i ^ 

(integrated fly by- iS'iL-Vl J'iU- ^ OI^^Ij ji^^^-ili iL»lS^ Uiajl 
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ia«^ oU?^ ^JJ>\ ^ Jb-lj (JLp JliUi'j . wire contral systems) 

IIa Ju»^^j .Bomg707 V^-P' ^-^^ t^^^J^O^* -W^i* |»Ua^ tJ-s^aixJl 
^1 L4J j-^j c>r^->^ (nose up) jL- J S^LkJl ^UaJl 

^JLoL^i^l 4-«JfljSfl Ifl ; j-« ^^T^^ '^J '^}^ 0.82 4^ 

.(1)1 Jt^i^l-; ^».^>elJl jJ SJbJbJl 
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5 ^5jL-j .^L. F-86 S ^U2JL1 V ^1 5 jjJ-l ^ Jay^t jAjJ^ 12- 11 J^l 

: X X /OaJ) c-:>^! vt-^ J 0.94 ^ 0.97 ^.Jj ^U>»Jl 

. (Anderson and Bray, NACA Rept. 1237, 1955 
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Transonic Pftehup Cjy^\ Ipj^ djJL>- JLlp jLdI 9-11 

aJIp ^'iiJ Vj-^' AP^^I ixj^ (pitch up) jJL-i]| OJ 

j^yij j! t (pitching moments) jj,^^ ^jj^ tf* *-r*r-^ 

ijs^jL^-'bU LJLJl ^j^>t-jJl LjIjj . 2; li ij^j .(nose-down) J-Lu-Vl 

j_yJLp P-l^^l OLjj— • JUaij^fl ,^;-.^^-*J t<Ljj-ij| oU^j— Jl ij«_:»"lyuJ| 

*J^^I - ^^^\'^ ji-J ^ijp c^LjjJI ^cia*^ jJUi Si^j-Jl panels 
iJU- 0 yUaJl (^Vj (nose-up) jJL-jJI jl t».-^j-Jl c-JLJI 

J^mOlm c)t JiiJLj SJU^ \Jaj^\ oIj»oIj Oljjd 

. (nose-down control) ^ ^t^^s^ jLU I ^lJi»>iui>l ^ ^jUJl oIa 

^^Li o^jj jLyi oiLi Douglas D-588-11 Skystreak j[^>i\ syLiaj 1949 
0.6 i^j— J 4g Sj-Lj 0 ^Lkil •-,.j>iL--u jLWH t 0;^ .^ . (Robert Champine) 

^ - j|JL>Jl /(JJLJ ^LSoul j^l^^l (Jil]| oljLls^l C/.u 

pitch up jJL-jJl c)^^ (vortex generators) ^^Jiiil oljJ^ ^i^J 

.^L» ^Ll. ^ 0.05 jlJi^jJ tD-558II syikJl ^ t^U^ t^^i 

(Richard (^1^ ijLlijjj t (Seth B. Anderson) Oj— jJDl <^jJ 01^ 
jJL-jJI a yfcUi ^j-ij jJL* ^^L ./Tflt JJL»-j i-^ y 1955 Sray) 

^-li^ii (F-86 Sabre sylkJI ^^i* c^jSf-\ fj^\ Vj^' t/**^' l?* (pitchup) 
oL-Li i^ljjJl ^LijLo Oli'j . (ames aeroneutical laboratory) <.r^^ 

jsL^i _ ^^^\ J-^ iS^\ ^Sfi c-jj^i 

oUljjjJl L-JjJl (down wash) JjUl jLiJl ^ ol^^JcJl 

ji— :Jl (g) J**^l J>»i*^ ilijj tiijij ^II^ (windup) JLpU<» jLj::j 

(stabilizing up-load) Ojl^ J**- J-«^ *-JJlII ^^r^ (pitchup) 
jl ^^iiu-l ^JL* ^...^1 F-86 jJLu 01 iliili .(13-11 JSC-lJl) J 1.-7)1 ^ JL*Ufli[ 

.(..^jjl ^JLSlkiMjo Sjjdi^j ^il>Jl 
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3^1 J.abi-4 

6/v ,V»^uii 



S,jJ^ ,Fe ,o-a^* 



,J^iJ) ^.>a«* 



^jjx^\ 



4 

3 
2 

.8 f 
.6 

,4 .4 
.2 

40 0 
pull 20 
0 20 
16 
12 
8 

6 4 
4 

2 
0 

-2 12 

up 

800 10 
400 
0 

-400 .9 

1.0 .8 
.8 

^^4 

2 

0 



























































































































































































































































































































> 






























































> 






















































































































































































































































































































\ 



































































































1.2 1.6 2.0 2A 2.8 3.2 



^jUil) Jj_>i .^Ua*JVI Oljj^l J F-86 Jl JJ^I 13 - 11 JXjU) 

- j\ jli^i J^l Jl jJLjJ) NACA ^ c ^Sf) v^JLl) 

Anderson and Bray, NACA Rept. : ^^jI Jiill jLsji-l ^ Lli t ^li>- 

.(1237, 1955 



(Shortal-Magin ^j^^ - JlJjj-i ^jl j-4i«-lV ijJLs- ^_5Jlp JuJuJ (jy>A 
(S^jJ^j (Joseph Weil) Jjj J-J ^j-* (9-11 JJLlJl) instability boundaries) 
^^3: oLp^I oI OLij^Ul OIJU jL, . 1953 (W. H. Gray) 
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^ (pitchup) J 1 7 It oML»- J-iL^ C:^^" BoingB-47 S^UaJ 
^ y t ^ J ^1 y jj « 6.0 LajI jaj> ■ V ..r^^ 

B-47 O^i tO.23 jIjUUj (taper ratio) ii^p^j 35 J 4jjL-m 

(Furlong and McHugh pitchup ^^^i^ J Jjt^ ^ (>» ^ 

jJLJ ^jJL?- ^Ljyi Jt^t^ .^JyLiil oU^^I ^ jJaj boundary) 

^Ui Jij t (transonic pitchup) A^jj-i^l oU^^I jJL-jJ S^LkJl 

.(Cook, 1991) 

( (pitchup instability) jJLjJI 4jjI yk-l'^ Jljii-I ^Jl* J-*ju Douglass D-558-1 1 

jiiJI ol jLii-l ^ ^Lq^ ia*j ^ B-47 a ^Ll23l ^ jjJl oIjJ^ 

cy^l «iJj-A» tolJJ^I j,^>^ ^yA-^ ^r'-r^. *l5^W 

OljJaJI ilSLUI aJIj^ Jji^ B-47 ^li^r oIjJ^^I ^^^^ii-^ 

.(14-11 JSLlil) 

J-y^l ^"^7 « yLiail jJLp olJli j-qJ| aJUb ^ d\ 

^ iD-558-II S^lUj tyr^\ jL^\ ^ tSUl* l^b cJJb-t j^^l dUj 

oLl-JUjVl AjLfJ ^^al./l7li c)U (^^l ^Jjb 

^«<>ii,iai ^MdMnj UJuM '^f^ 

j^i* (wingdownwash) ^I^^j?*JL^ j^JLLJl OL^-uJI ^UjLp^fl ^^^^I^jj 

ji> Ll*»js »^JLll J-«-^ t<wjij^^>i^l ^/adikiAJl (^yiiSfl »^jLII 

jLiil OLj^ JU^iJi LfJ ^1 jj-^ t Jlw-l (pitchdown) 

(wing J^l^l - ^LijjJl jJL-J t (wing outer panals) <-j>-jUJl oUiuijJLiLj 
jj j^ii^fl L-JJUJ jJI ^ j-«JI OJj IJL* . fusdage pitchup) 
OUj^^ *>^*r^ «»y ( 1959 ^LjJ i^ly^ - Jij J^L^ A 4iLoL^ 

.L-U jjlju^f ^^t*^ (Kenneth P. Spreeman) 
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Jp! Jl jJL-ill ^ 4-»l jjJI olJlJ ^ ^ B-47 ^ll:;- 14 - 11 

. (Cook, The Road to the 707, 1991 : j^) 4Pj*Jl Jb- JLiP 



* 

(Electric a-J? JL5J (John G. Gibson) j j j->J L2J j 

t Lightning l^J^lis ^^ ^_^^ii>sJuJl ,_yA3Vl t^JJl Iju-o <jjJL>J)fl Lightning) 
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F-lOO 5y*aJ( SJL>^l oLN ^1 ^ c-JJULi 

F-104 JL^ ^ e yUail ^Jbj . Lightning S yUaJl ^yi ^Ip JJ Super Sabre 

^1:l>J| oUcj^ JL^'yi aSLiu. Js- Jljj j .5 ^LUJ Ul (recovery) 

ol ^Uail JLi y^jJI |»^^i>«^l IjIjjj oU>^;*JI JIP ii»-jUJl 

^1 jl JU-A^j ^.->r ./t;i (iuJLp- J* ^Uftj JLilj 

dlj^l dhJjl f^j^, ^^j' t/^* Js-Luli 

dlL- (W.Hewitt Phillips) ^j-JLi 1<J /Jb 

^1 CJ\ ylktl ^ J^l^ ^ JL JL*. ,JUl^| ^ 

Ujiaj .Llo^ ^y-l JSlJLi ^ Jj^-jff L|:ja cl^l JS'UJI ^j^u 

Northrop X-4 i yUall ti^uS^'j .^-jJUl •.Uil; ^^^^ J*iH ajaj ^^jw 
•jU JS'j _ de Haviland DH 108 J^lk|^l . Vought F7Uj 
Vought Z^j^ C)] ^ Jifi ,ZiJ\ ^ c^l ^Udl 

(iuiu .SjjL2)l ^USc%; ^ s^l Iu»JI ^ l|;^U9 ii^j 

.1aU-^I ^lyuJI ^li»JI iIjI^Iij iUtfUJl d^ljjJI 

j}\ dJi jUJj . F-84Fj F9F-6 ^V^' 
. . . j^iPMiJi\ wJjJIj ((notched wings) Sj>»-^1 iJUiS*! 

jJL-iJl jsuu jLiJLiJi dUir syLiii dU; gJ^ . 

S^j.^:^ Jl Jt-^' j-^^ CK^ ((sudden pichup) ysfLL^Ji 

.F-100jF-8U jUjjUdI 
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Snpersonic Directional InstabiUty ^* ^ J^^ V^^VI hj ysx^t^l 10-11 

aSlUi] cJlS'j .F-lOO Super Sahre syOaiJ ijjLii-NI olxiiaJI 

. Jb>l J j^Ip ^Lo S^^Jf ^ ^1 L5* 'J^«*^ ( t'^l J 

t (of revolution) 2 jl jjJI ^iL-^^l ^2?.^I ^jlp t(i ^Liil ^ 

4J ^^^^1 4^U>J*yi j^aJ j .^Lb ^^Ju ^ Sdlp ^^^^ 

(fuselage) JSL^I jl^^l ^JL* ^ Ojl^l SJL*iJi^ JjVl ^liJI 

^ (neutral Stability) JuLx^l jl^JLi^^ft d\i cr^^x-^ 

jl^^iLu-*^! .JLuJI J^..Ji <*)lj*ia3l jLlsl 05 t---^ 

c-Jiil iUipl JJj JjSfl F-lOO sylkil ^Uil ^ ^-ui ^L^-^fi 

SijjtJLj North American XB-70 iiiUJi cu>»JLki^l JLiJ 

2 ^\ cA^ J LiJULp 65 jIjlaaj ^^^^^^ oUbj^I 

.(5-11 JSLiJi) ^1 4-5dy iujljjj 

^L-U /UL- ^-j'i^l jJ^ J^l l-i* J*^ 

XB-70 syUaii jjVi go^i ^ '^J Sji^ 
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(flisdage) J^LgJi j,-^ Cwe^ge) ^ <:^A^\ 




Ji-! Jl ^U^l cil >! ^ -Ol^i ♦^lii^ XB-70 15:j^! JUi S yllaJl 15 _ 11 JSLiil 
Bilstein, Or^few o/ Magnitude, '. ja) LS Jja iJi^Uj^l ^l^*ifl jl S^L^j 

.(1989 



^jJL aijI^ XB-70 AiSUJl ^Li>- sJI o-Jj jJ U-i jiS iUJ oLS" JliJ 

f^^^ ^ <iJLJljJfcj .LftJLk>» ciUS ^ )ks>t^\ ^jj,.*s>^j 

^ ^1 Jai-^ Ol t duds' .^»-w.*:>Jl JiLi JJd ^\ Jb^Uil J t oU^^I j_j4 

.p— :>Jlj ^ v-*>- ^ iai-^ jJjl 

L^j^U? (British Aircraft corporation oljSUaU 4^0u^l 4£jlS\ c » a 

L4J cJL»:>«i i(^L« 2.0) o^-^l t^i*-^ (i>i^ oU^^ jAtzS TSR-2 
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Zj^JL^ AJi AAlfijj OdjJJ (1.7 ^Le ||Jj JLlP 4^L>aj| AJ^L^ <Jjl jALuiii 

.^L« 1.7 ,y J*5>«2J (directional stability augmentor) 

Principal Axis Inclination ^ AjJ ^1^1 11 - 11 

Instability 

(Lateral - directional 4^^^^LijJl!I a^U^NI _ <^L>Jl ^ii^l^l 0} 

jjj>mJI J-i— 1 ij^jLJl dynamic instability) 

tiJLp ^Lo oU^y^ j! ysLk-^l e ybll? Sjj^^L J ^ (principal axis) 

j^^j>tjo <jl ^^yJLp (symmetric principal axis) ^^^^^1 ^iij «-ijJ4 

A]ll2xj| (product) p-l ^ <Jk-^ ^ L?'^' J lS ^ « yllail 

^ dm 4Jjl 0Lj*IJ:»-1 Zj X 01 a„ = Jxz = m Lj^^i; . I„ 

(nose-down) i]L>- ^^^--S ^1 j,^>»*3l »jl t>;.....jt tT t^JJl JO 

(nose - down attitude) J-i-y-Vl *-ijL ^^-^ jJl *-jt >>*j1 cJJ 

4 1 ... 1 *^LijI iJUJt IJla JLiij .(Stemfield, 1947) (ijJiJj-jJl 

Douglas D-558-2 Skyrocket vi^UiuSfl o ^Q? ^^^Ip cuj^I 01^^^^* J^^^' 
4^JlH jLjl^V( . (Bill Bridgman) OU^JU^ J-_j NACA jL_U S^Lj-S-i 
jiy^ ^ia.^ ^3 jl »ijJL^ 1.79 S yliJl A-i cJU* J 

jj^mJI J^ jU^ kJiij (LfiLitiJil jlmj L^jLL^jj Adb^jjL^ ^jajJli 

^UjJI j JUiiil JjLut L^i^ (3^1 j^^ 

.AijJUUI (pushover) 



341 



I J:,. J-l* Jl jJLjJI ;i3U (nose-over) Ji*Sfl J\ ^\ 

:t^Jb- L> liL^lj JU 4^JJ| (1981 |ilp (Richard Hallion) 

75 SjjI^ Ub-Lj>- j-*^ ||J Sj-.JL» Skyrocket syUiJl ^ j^Jl: 

jjJxiJl (cut power) ^^>*<J1 S jJL5 jLUll ^ki Ujllp ja 

iJo^l 4ia21 ^ iJLAi S JU:^;* J (steep dive) A>- ^b- ^ cUU' 

(nose-up) jLmjJI S /lUl c^aUiu^I c auL^ *^ j^j 

Muroc UpUII ^1 jUdl Ujl^ ,^JLJI Li^I^ j^I^ C^J 

(yaw damping stability ^1 yu:^ Jbl^^i-Jl ji ^.Llu-*^! juJ«J L-JU 

. I JL>- cj\ y Ua3) t augmentation) 

High Attitude StaU Buffet 4JUJI oIpU ^ p\ 4:>-j 12 - 11 

(Mach number- ^\ju j\ - ^Lo J^J»JL:JI oLj3jJL>t^» fj-f-^ 

jSj .ajUiJI ol^Lkil J-«^ y i*^! j^Vl ^ altitude operating envelope) 

AjJbJI ^^UutI t (abscissa) oIlu^- jj**^ jLipLj c-»ijijJL>MJI 

ol^lkJl v^l^Vl ;iL^ ^3: jjiJl (buffet) oljljiA*^! ^ ^^iLipl 

fjJ»*i\ ^ISjl aJLj>^ t (controllability) a^jS^ Sj jSj ^jj-jj Syj tiJLp 

.aJI a yu^\ ^UjjI (^-.flSl jj>L45jNI LjJj J^^l ^^^^ 
^lijl J-Ji-tsJI oLdjJLa^ p t5 ^ djJL^ f-j^^-^ 
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^jJLJutj ^Li (jLiil ^Itr^l JUoijI ^ 4j>jUI (airframe bufTeting) 

t,,. i ... 1 LJLp ^-t^ O! ,>^^ ^ ♦•^•^ ci-JUJI oULiJj*^! 

V j3-*>o p-I ^'J^ J ji ^27.>i*)U oLa aS' jLtuo diillA J 

^J'J^ (31 yi-l ''^J • ij> cA*^ f-^J 

^^yA vi >-^^fL! syLI^l ^yiu- L.JLii^ ^UJl ^LijjNl ^ ^^Ij^^fl jI^iaI 

McDonnell Douglas MD- 11 S^lkJ 1992 vi^Jb- IJla jJLjj 
\^ Ujulp |iJiS 33000 ^ jl J ^Lo 0.70 U jIjlIo iJI ^ j 
iiJUlS t-^l^kv^*ifl IJufc (recovery) aIajLu-^j .(turbulence) fjy^ t^l^k,^! 
jIjiaI djJbJ 4Jljii4 iZj\i\y:9'\ ajujIj Iajj^ Jbu ^Lo 0.5 S^lkll 

Snpefsonic Altitude Stabflity Jf^l Jjl^l ^ j'il A^jl ^1 13 - 11 

^ ^ J*^. J-**^ ^Llail oIjU LsJlii 

^JUi Lfikj tiJUJi CJjji J3j j2slm)1\ C)\Juai ^ ^ 
SyUftJl olxii> ^^ 'Ji** J^--H J ^UjjVL jjIp SjJj 

JULl*jj . Lockheed SR-71 a 5 ^LkJl ^ ^ Valkyre Na XB-70 

^ ^jjJl IJL* ^ oLjji-^ ^ JJ Concorde SST 5 ^LkJl 

.^L. 2 J iijUJI tiJlxil oU^I 

(John W. Smith) * (Glenn B. Gilyard) i jLLp ^^^JUJ Uijj 

jJUiJIj ^U- SR-71A S^LWI ^yii-j Ui ^1928 ii- 

dM£ .UUJI ^U; ^ (^.^Um ^um^ J^^j^ ^"knr <^Mj-^l 

UUail ^ tSj^X.H 2Lp^^Ij ^Lirfj*^! 

((Mach hold mode) ^Uil i^U Ja^ Jt^Joil ^^UI ^ji^ 
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syUftJJ jAiJjNlj AP^L J^Lijo Sl^U^ NASA oJ^rj JUUj 

*3^^j>mJ| Jj-JL« o*iii i--*.JLLjJl ol^liJl oL>l t^jj^^l ^yo <j1 SR-71A 
syLkil aS jsi^ <jjcuJaJl o^fiUcJl ^S^Uait y>- t (inlet geometry) 
JjUJI o^filx- Jl V-^L JL>J( ^JlS'j .^I^NI iU^I ijJb^ Jl ^f^j 

^W^V oljjji-^ JjLqJ ^ sIS'UmJI 

(Lanchcster) jL^*)i JJU^ ^ Ijlj aj^^I ^ J;.la?n JjUJI ^jj>JI OJ 

^iU^J * JiJL*-j" .1897 ^LiJ ijJLS^^i^l 

ol^Ju ^IijI Ai\£S ^ oljJkiJl (oJbu ^ (Bryan and Williams) >>Ujj 
J^y; Xalj .AjJLSyudJi ^S*^^ aJ^I oijljiA^^i 

j^Lj^i ^ij-«jJl j^yij (density gradient) iiLiSUl ^jJLJ (F.N. Scheubel) 
^J^\ jAj (Stefan Newmark) iijU^ oL^I U950 t/^j -1942 

.Ufljl aJaU-JI jliJj^ Usj cj ol ^JJj (thrust) 

JjJ:*- jj^ JJ4^ ti-»^LiJl i^jjJl Lj*-^ ijiU*j| ^J^\^ ^ JbjJ 

jl jLj- LU« I ( yfcj .(aperiodic height mode) t^fjjJLil ^ ^Liij^fl 
^y. Jj! jjk (Neumark) iijL.^ OLi'j .(16-11 J5LtJl) .Ijl^ ^1^*1 

JU> ^jlU a*i>«JI ol^*ldl c-JLr .(Stengel, 1970, Sachs, 1990) 
^ (throttle fixed) JjUJI ;1ip tSyiyi J5J 

0^ S ^UaJI prand, 1934) j^L-Vl i^t^ 

.4jjj>Jl 4p ^1 ^ Loij k^LiLj Oi jJaJi (^ip Usb jap 
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Stengel, Journal of Aircraft, : j-.) . 3 ^La j^ij-j L^lj-r^ tSST 

.(September-October 1970 



^ (period) ojjjULI <-Ja->Jl SiLj-Jl ot* cjU- ^J^^ 
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.aJUJI oIpj^I ^ IJl5»- UU ^^waj 1942 ^Ip ^ Jjj^ ^^^l <ib53l 

c-jL*:?- ^_jJLp y>J\ liUaJl ^j^l ^LwwJu tjLi^Vl cJjL 

• ojjjJl i-JL^ (j^^ J"^*^ 

Jy-i ^ JLj^i'jJ ^i'j^ ^ 1965 |»Lp jjJauJl ia**«-<Jl ^ij_<»jJl ^ Jl2J 
JlJ jJ<-J ^ ojji ^ Lji U<j»Li>Jl (John R. McMaster) ji^La i]L« d) jj>- 
tig-jAil cJlSo iiJUil oIpj^I ^ Aj.L.UrJl ^,i«*SoV jt-i Ij^L ^jJIjiaVI 
401 -i SJjLlo (^Lo 3 S^j-«Jl ^_^) 150 ^_^\ <jjL.^ t J^"^ 
(JlP 1970 ^Ip ^ J>^™- ^1 ^5 oIjL«>J1 cJapIj ^ 
Ljy cAjjljJLft'yi J^ej^ <5'^^ ^Ij 160 4.«-»x3l 3 ^tJj Jllp SST S^UaJl 
^ L^li^tjl (Etkin, 1972) Ja*^ "^y^ ^ j ' iiU 5^ 

• t i,^^**^ ^j^^ 3 ^ jpM i ^ ^i^ (^*^ 
^jJlIj i*^L>Jl ^jLia ^cjw' ^Lwf (Regan, 1993) jl^j j 

. (small-perturbation longitudenal equation of motion) jJu^l ^ jiail 
j^LiJjMl 5iU^I 4-18 JiLlJl ^ SJiU-o cJ^j U5 

^jij Oii (^l^ljj .Ojly^l Ol^^l J j>« ^lijj'yi «-jl^^kMS»l jjfe h olj 

• ^j'j-^*^' ^^'^ SjjjJ OLijj 

-("7,) 



(-(v,)C/.JC-/.))\,^^ 



Period 



ijjljjll ^juajj jljilaJI ^ jjoi = 

. jjl Jill 'a^^ ^UjjVI Aki ^lijjVI ^ ^Ij^JI ^j:iS = dpld}t^ 
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jLsyiJ SjjjJ ;^UJi ^p^Ji oLJ (17-11 jiCjJi) ^3^1 olft c^jbki^i 

dJjkJ Sjji iiiliSCJl ^jJ^ J}i lJJ 17-11 JSCiJi .iJU::**^! (thrust) 
J^-i-f ipj-JI Oil J ULS" (asymptotic) i^Lg-J^f ^ ^J\ j-^ j 

JLiP J .(^JiJLaiil yL-^^f ^^jlzl L«UJ cJJU«-« (Jl* j . (indefinitely) 5JLj>t-o 
200000 ^UJjVI JLip JLjSj^ 5jj^ «^L^ lia^ iilii^i ^jJU Jjbi^ IjLL-.I 

. 2 J— J ^ JiS 

^UjjIj 3 Jllp aJIj 154 ^ JLojJt-J Sjji 17-11 JiSLiJl ^^^X^tj 

t^L> 3 ^r^^ cs^' 4-*-jiJl ^ t^Ji 400000 

^1 (Eign) ^ 'o^ JLdi J .16-11 JiCiJi ^ a1j-^I Jj>*™- U^lj 
(NASAGHAME hypersonic ii^LiJl i-Jj^' NASA X^y^ l->L.^ UI ^! 
JLLP (j^J 'ojj'J^I <^^^*iJ V^./^ ^Iij J^^--H ^j^"^ vehicle) 

.2 
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JLJjjLji tJ^^ ^^j^ jW*^' "-^^Wi j^S^ 

^a^uL. giijj^fi j! ^L. j,x>.i]i oUJU ^ (r^^Tjl) ^ ;asLA 

^ (loop closure) 42JL>Jl jlwj jl yi-l aKjlJ S^Lo 

OJj 4^:^ UjLiUBjj U^jj^ oLiiS"! ^ •"^''tj^ ^V^M 

.idij 160 J ol jjA (j-Ui (J-LaJI jj^ 

YF-12A S yUaJl NASA L^-^I Ol^l oljLi5-l cJlS" JUU 

Sjili cjl^ l^I <^'^' ^ t^j^ij jiJb>j*yi /jJL-iii 

(cruise conditions) j_^l^^i2i]| l:^J^\ j^JLp tjjijt^ JU?- iiiiUi^l 

.(18 - 11 J5LiJl) 3 ^Lo 

U-jAj-V ^jj>Ji 4jjl^^iLu-l ^ |JL?-lj LjSLjJ liJL>t^ JjUllA ^fj 

i^LlJl ^Lo ^ ^\ (temperature shears) Sjl jj>JI oL^LLo 

^Lijj*i[|j (true airspeed) kJlJl»^\ aj^^I <p^1 jls^ (indicated) 

Jas- CjI (Gilyard and Smith) i**-^*--. j ajLL^r J*^M Ji* j j** j 

^ JSlij oJbiij ^s A ^t* YF-12A S yUaJl ^LiJ jl 

^1^1 -c/^jJ 3 2 ^jlS 1000 jIjlL<u (indicated altitude) 

oULJl (smoothing) i--JL>t^ ^ JlS tOI^;^iail ^jj 
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jUp ^\jU? Ayry^ YF-12A Sy^lki) J ^LiJjV) <> i^Ull 18 - 11 JCiJ) 
^JlS 25 jlJLiw >l J ^ ^UJjVI Jp a^UII .^JlS 77500 ^liJjl j t3 

.(Gilyard and Smith, NASA CP 2054, 1978 : ^) 

Stability iiSliJl iJ^' ^' jt-^i^ij ji 14 _ 11 

and Control of Hypersonic Airplanes 



5 ^L* (i jij oU^^ Jj^' ls^J-^' 
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.JUAaJI tNorth American/NASA X-15 S^lWl 

(fuselage S jSUaJl »^ jl ^^ii-il C-^^ C?-* ^"^^ 

Ol^^-JaJl Lj_*i (^j^ <-JLjJI oL^LljjVi OJj . destabilizing moments) 

. (piloting problems) SiLS 

^jjjJlj t^j-ail ^ (propulsion system) ^jlJI ^UaJ Ojio jl 

jJUi 4Lo aJIp oULijjl ^JUi jsliil <y ^1 "^j^^^JjdV' 

((inlet problems) i3 j>^\ J^-JuJ 4^1a JS'Ltua ,2;^^ ^jit^ 

jlj X^\S ^^ia^ b]j IJL* ^ ./iTli J^U; I^LqjlpI JJU^j 

oi yiiaii L^uJi ^1 ^,^:>ciJi J ji ^^fi j^Liu. 01 ^ 

^llj>Jl pJUL. olJj O^i . JSLiJl (^^1 Ol^^kll J Jil^ SJ^iyiil ^ ./itH 
jl yfcLu-^fl Ol 4^;^ ^1 Jilu-l iji>.iJI ^lii^l olilff-j t (wing slats) 
j^j^bjij^^l ^i^-jit-w-iJi JS'LILb t jJLj L» Jp t.u.7...7 ^yfcUcjMl 

a ^li? Jljj *y J .jJLi-JI i^Lo^l ^Li^jiJl (seams) jjjJt jlsLi^o ^^ 

Ujj .^Uia'^U S ^ ia->«j| ^ ^.^i O^/l ^iSLiil ij^l V^^* 

S ^UaJl plal ^ iiJL.lju 0 ^ JLJ O'^l Is- JLjJT JSLiu ^ ^^jUI ll» ^ 
. (stietched-out) J^^^W^ pUa* i).^ a^jLLb obj^ 
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^ (M) 

Naval Aircraft Problems 

J^li JLpUa^ ol^LkJl p-lj-ip-l j,^:^ (size constraint) ^>~^>^^\ 
S^P^umJI j^^Ji^ ^1 A^A^L IJLa ^(^^^ijj .LfijB j^] J-^'^ (<JLoL>J| 

.i>UJi JbJbJl 

(waveoffs approaches) 4JLJ-Lij| jt iiij-gJI ^ i2j>Jl o^fjU^ L*^ 

LUcjL? L.T L5;::>j ijlaj .^y jSfi ju> ^ ^UiaVi Lf) jUu 

^^SLjJl c-^ ^1 ^\Juij\ y, aL,[s^\ <jL^ ^LlA 

j^JU> j^i:?- jl t<JLoL>Jl ^jJbi ^^yJLp .Wj>Ji iiftjJ (final approach) 

Ja^ j^flp S jlfljiinHi .L5IP j*jtj S ^Uail Oi Ja^ ^^^ip S jlfl««*.li ^-.^jIj (^^d^^jf 

iiki-UI (touchdown) ^j-ui^ J . 2»r7l t^jjj-^ (flight - path) 01^^--^' 
4p j^Ip S J ^^JLuo (vertical velocity) aj> a^j^ ^ 
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t-ujjj i^U»jj tSyLkil ^ ^Jlc- 'ojiji*l\ oLjj^;iSC!MI 

oI<ApL«u« ^IjL>cIa^Ij (L^IP^j OjSUaJl jLny^j ^|.^>gI]|j ( AjLi jl^l 
aJLA Ji^ OJj .aLoL>JI ^y^i? jJLp (j-^^ Qlo ciliij tiJlj 

5ii Op ^ey-^jl j! ^ 4JU ^ 

^t;»-L) -i» j-^ ^J-ji>tlJ iSjJj^ il-ji-«Jl 4 la 2:11 ^ oJLP (^Jut ^^^^^llil 

^.r-H V-r^' '^t^ '^^^J •(flai'e) ^^1^ 
jj-^^l fL^t JJ* ^L-j dUliAj .(landing gear loads) o'SUjJI 

i^i\y- iyu t^J^j -^Jt* (Jl <J^S^ (J^^ aJSljil ^P^^l j ^I^Vl ^ 

iisJl J iL-l^Jl oli^^l Jl o( yliiil aJLoL^ ^Ja-- JIp 

.(undershoot) S^JU^I ^iaJaJ JJ 

Standard Cairier UiU- Ja^ (^JLlUl <^jUs]l 1-12 

Approach 

iJL«L>Jl oIjJLI* . ^_yJL-J) jj f'\y!>-l ^ (touchdown point precision) 

J^jJaij (short final path) jy/taW fjlf^\ »--jjL5i3I jL-^b J^JiiL (4-5^^1) 

j^L^I i-^jLiiil jL-uo jlj^ *y oiUj .(turbulent wake or burble of the ship) 
(Craig, 4jU^ 4Jlj 20 15 J * Js- 3/4 (final approach) 

Ringland, and Ashkenas, 1971) 

jW^* (manual approaches) 4jjJlJI oLjUiJI 

J^^amJI (^.^^'haJI jLf:>Jl (^^^ .aJLoUJI .k>Jl 4ikLj S^LJI 
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|JL>JI 



(gimbaled) Liil Llji^^^ iJL»L?Jl ^Ja*- 

(glide slope) 



c-J Ja^ C*p*J 5 ^UaJl ^ <1)IS' IS^ 't/^^ '^^^ ^ J-**^ 

jllkil 4>5UjL^ t/^^^J .^_^*iC*JL (^;-*5C*Jlj ia^i S^IJlJl t^l^l 



JL^ J ^ji^ iLoUJi ^Ja^ ^ ^1 SPN-42 ^_^iilJl jlil J i^lJL^tJL^Li 




AN/ASN- yjl5J SJb-^ ^ SjJOll ^ ^UiiJ ^ jJlisoll JaWl 1 _ 12 J^l 



jlS .54 



.(Craig, Ringland, and Ashkenas, Syst. Tech., Inc. Rept. 197-1, 1971 



JSLtj Sbl : (gimbal) JUJLI (*) 



353 



(final tjSLjjJl jUiil ^ iiJL) ijj^l 4_p^^Lj ^,-5L>iJl1I ^ ^^^SJ j 
mJL^^ J^"^^ Op approach) 

(Approach Power SjJii <j^j-*j cr^^ (throttle) JJUJL ^L?- 

JbJbJl J;.W7 iJiA .(j^ jJJl iJLfi APCS jl compensation system) 

APCS ^.».^7 C'A*-^ tiili*^ (feedback) ix^rlj oL»^^^i*j «^ jW*^* 

Mx^LaVl 4jJLmiJ|j (dyjjl 4»mli] ^AilUJi Mjijtlil (^djAjJl ^LjIIj 

.(1-12 JSLiJI) jLWI UiJ 

Aerodynainks and Thrust d L,il:Ljj ^j-ij^ J ^JUll oIjLjlpI 2-12 
Consnderatioiis 

^ ^c-^l jJjil jlJL^J'yi / jL-s3l ijjij o^Jbiij jl t (elevator) ^ ^1 
^Jj^ ij^ (gross weight) Oj^l tJj^ ^O^' 

Olj-JaJl ^ 1 1 ^ n ^ . k J . (level flight conditions) (j jJ-^>.>-«JI Olj-jiaJl 

JJUiS' JLpJIj tii^ji>Jl ip^^t oiLiJ ^ (drag) ^I^Jd (_gj:.^^H 

^,S.j>^\ OjXj toiLpj . (cruise airspeed) i-JljJajJl <jj_>J( oLp^-wJI 

JjUJI aIip V i^"^' (NLa3j \jkL^ ^(^J^ ^Ij^-i^L 

•Ctt*' jlJLii (Jl* (throttle) 

(induced ^^.voj^^s^I ^c^I SaLj] 4:>.^ ( »l ^"^1 ^ 4p^I 
.mJUJI ^j^>«4il IjIjj ^ (flow separation) OIj^I JUnijI ^IjAjIj drag) 

.Aijs^\ Afij^ j>7...>]| 
j^L^ 4^ j .t.>..-«Ji 01 ^«Ja^l L*JL1* ^^^^ tj^^ J— ^' J-l^-^J 

tjJiVl oJb*j t^ji*-Jl OljJft3l (thrust) 4j»-L>Jl t.JJaSj 
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(Stefan Newmark) jJ ^ (minimum drag speed) LJjJl 

.(1953) LJlk.^ ^ 

(aspect ration) j ***J ^^JL* Lf2»*ijf t ^\ ol ^LkJl o JL^b 

L*L>-Ll:>- 5^U* .LJjlII ^^^I • SaLjj t*iJLi 

^ ^"^^ C^^' ^.""'i Qi o 0 

j^jJl UJ .LsLiaJLj ip^^-wJl cJLii t|ijj>6^l ^ 'J^-d^ (retrim) S^LkJl 

J (steeper) L2^^ j bU- Ol^^^^l jL.^ c) i^JLip j .<ju^ ^j^^^ 

. (counteintiuitive) Oj^i- 

^jJl SaLj t,,.ilfl72 ilwi^ (LjjJI ^^^I a^j^m Oja -^.^tfl^ ^ Lit 

j^yl^-J ^1 <iUJl c^^j7,..oII Ol^^^l Ap^^l fj^^ ^yuyc:^ (thrust) 
(the backside of the thrust j\ ^JlU <^iLiJl *^jj>Jl ^_yi^>-i^» t^L^! 

tj|JLj>J*bfl/jJLJl ^ tiJUJi oJLa . required curve) 

(trottle central) ^jJI ^i-^Ca"*!^ JU*i**.l ^ 'W-^y ^^^'^ 

jt ij^l Cm.^I dUSj Oljji* ^JJ^2^\ APCS Jl.) Jl 

^IjjJ oj*if (thrust) ^JJI a^jC^ oI ^JJ »ij|JL^)ifj *L9^J 

(backside carrier approach) ^^yiLiJl i_j ^^iiJl J^LlLo «j ^ jlH 
.(Shields and Phelan, 1953) ^1950 ^ J J^)^ iJL.UJ( ^ 

^^yLkJl 4.>.>..j J L) tj^yJLpt t-^j-d^ oLp^ ^|JLi*i-u-l ^^LiaJl j_yJLp OL^j 
cJui^^Wj LjJU ojUiJi 4jJlJL5:J| Jipiyil ^;^tXF-88Aj XFSH-1 
(fixed throttle c-jLj ^jlj ijji^ *^Mj J'^^ W "^-^ -^'^fj*^' 

j^i**^ oJUsol (popup) 4*5 ^1 SjjLuj Ji^.^tii J pitchup) 
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tjl jJftii (j-i*^ oJlp-1 ( iJjJl ijj^l yfeil oIp ^ ^jliill 

. NACA (White, Schlaff andDrinkater, 1957) 

.FJ3j F7U-3j F9F-6j F4Dj F-lOOAj F-94Cj F-84F 

.0^1 ^1 «Lli3l ol jSLWI JloJ a-UJI JU^ 
^ {T.*ijLgji JLip NACA ^}^L9ut^\ 01^ jlaJ 

;L>^.^I o Afij^ NACA _ jjU* c45 JLlJl JL*i 
LJjJI ^c^l cJl^ Ui (SJLip 121 dj^ F4D-lSkyray Dougla 

cF-lOOA Super Sabre syliail ^ U^j ;1jU^ ^liJ .SjUip 152 

150 (^jLj LdJiil ^j*^^ Ajj[JLa aJLflp 146 LJJiil V-^' cJiS* 

J-ii ^ (^^I J^l^*^ JJLUjJk .(2-12 JiliJi) Sjlap 

syUJlj Vought F8U Sy^LUii jL-^ aJU (Bezanson, 1961) 

JjUJI iJLip J-^' J*j>JLI o jjLJI oLp^ ^ Douglass 

L-^^ JUJI 11* jjj ^(throttle) 
.Ja2* ^^1 Ajj\j 

^bMiOJ ( jLuiuqJIj ^t.5v>Ej ^jJt ^Jbu ^ AjI i) ^dwJlj^ *^JJ 

((breakout force) iJLjijJJl S^j t (throttle friction) ^jJI JLLlo *jLiLij-l 
^jJl oL) jL dJju If^ JJu ^1 (throttle sensitivity) JjUJI aIip 4^L»9> j 
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jlju (thrust lag) ^jJl dUJlS'j tjjUJi ilsp aS ^ ^1 

o1^j»mJI OJi t (pure jet engines) ii^^l iJliJl olS'^p^JI j^;-^ ^JU^j 
iJU (RPMs) cJljjd oIp^--j j-fcju (turboprop engines) i-^j^l iJLuj^l 
ijjij ^^-j-JJ J'^l^ ^jJl ^^^^ Jj-vAjsJl j»JLij tcuijjl ji* 

(time ii^jbj (propeller pitch angle) o-j^l jt J-^ ol^l 

. I Jb»- a lags) 

LT^J^l L5^J>^1 ii>>**Jl oli Douglas/Navy A2D-1 sylkjl cULii JLii 
^yi ijUj oliSU ii*-. ^lijj Lfji oIjli ii-JI ^j-ij U950 

.ij^l Sj53l cjL^ B-47A jl> 

HieoraticalStuAes oUt jjJl 3 - 12 

^^^I»Ejo ^ ^J-«-*J ^^W^ (Jt* j);^ oL«-*L«y« ii^l^ ijjj^ J^-'-^J 

jjidl t(RAE) j^^SCJUl Ol^l 4-— .>ij iNACA ^ ^j^] 01^1 

j^:dLl JtH^^iil i» OLr^j OLk^ JL3j . (STI) Sd jJL»mJI a^jlSiJI 

.i-* yfcJi jixSfi t^i^i jL-jL ^.i:::>.iJi a-sLjJ j 
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2600' — ' — ' — ' — ' — ' — ' — ' — ' — I— L_J — I — I II ' 
90 100 no 120 130 140 150 160 170 

V, knots 



JSl 0^ jUaS\ Ujb^ iLU-l oU^ 2 _ 12 JSUJI 

(<>1) F-lOA \Si,jJ JU-i ^ JXl ^ ^ Jil J,^^^ ^j^l ^1 

White, Schlaff, and Drinkwater, NACA RM : j^) .( J-i— 1) F4D-1 j 

.(A57L11, 1957 
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jLiI ^,-5^ JS'LL* bjLtf. 1 4„.^fl->.;ll ipLku-*^! oU-^ y JLlp 
Craig, Ringland, and Ashkenas, Syst. Tech., : j^) .SJLoU-l Jj> J? oLjjLdJi 

.(Inc. Kept. 197-1, 1971 
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oLp Qt'"^ oL>m-J* y X^MjJf- NACA Jjy 

( LljLy oaU-j} ^ Ui* J . (Drinkwater and Cooper, 1938) i» j-^fU (-^ 

LJjJI i» j.^n ^ (J^^ jj cJl^ 

Jjbijo UjLIP L^JLJI Ol^^Jait LDl^ ^1 i^^^ 

Jjii^>«Jl ^ JLi t jl—jJl ^ L»Ji 50 jl t)l j^— ^ ^djO crt^ 

J\ .ui^Jl Ja--Jl ijLf^l c) j^i^l t/iJLi- 

LJjJI ^,^^^1 A^j^ c)t J .oLjLJI ^ J .^^1 iul y JL3 »l 

7.115 U^l ^ JSLIj jiif iJL.UJl JL* c-^^ ^ ^1 

^ (il *(PA) (power approach) ii^p^^l SjJLiL «— '^^1 

^^<1 t^ljJl Jl ^ a j.7>r a ll ol yUaii ,^-^1 cJlS" JLd] 

.jLi^^ ol ^lui ijji:^ ^.^a^^j ^1 ol yiwi 

oJuk cJi5 Jl5j .iiSLlLjlj <iJL*iJl aj^^AJI Jj)I^Ij t^,.So*i]| oL^Ljij 
(Sysem Technology) l^j^ty^S ^JaJI aJ^I j^jUI J-qjJI t^-iii- ^IjjJI 

.ijS'^Vl Ai^\ iiU^ (STI) 

(Tulvio S, JDI jji ^-uU jj |i t ; o t J STI ii*^ J— *Jk^^ ^ J 
(Robert jU'^U^Iij o^jjj t (Erving L. Ashkenas) Jliil-I ^jlj cDurand) 
(Gray L. Teper) ^L? (^I^j t (Richard J. wesilco) Jjj^ j^j F. Ringland) 

.fl jj^.*.q!l p-jigJajl JJl>«J oLlAi aJLoUJI iasJlj o ^^1 aISLIjo 

iJb J-l^ J^ljjij jLi^5Ltl L^l J-^j j^l <^LfrJI <^>^j:^l u^i^^j 

tLJjJl ^«^^l A^j— • ^ ia^j^^l (transfer fuction parameter) JUijVl 
Kut^M elevator ^IjjJl <^l^ ^^j^f^i f«-^»^l Ujlip ^^^r^ ^9^1 aIlSiII 

^Lijj^fl ^^1 J^pJ iJb Jft*«Jl JjiLw ^ iJUkj .^^n,,.tall jjla*Jl ^ 

IJLf! aJLJI .1/Tu (elevator to height transfer function) 

- u*^*^ s (S-plane) _ ^^^i^JLI t^jL^I lyL^^ JxbcJl 
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.Ljjji Afij^ ^Lajj*yi fj-^ ^ jil^ (^-'■'^ 

jjiJi JJU^ ;l/»uji JjL j^X-si ►l^ 1952 ^^u 

iliSCj dJL>n4 J^j* ^ (assumed pilot loop closures) jW^' il^j-ij! 

. (Ashkenas and Durand, 1963) ^jJl ^^Ijj-j ciLuolijij^^l ^ tiJsL::^! 
t^LJUJl ol^QaJl caIsI—j tiajl^. N ^ 1^:11 JJUj ^ jj il^j 

: JL U5 a.L>Jl ^ JIp Ji^J] LJjJl 5j^I 

(pitch attitude ^ ^1 ^ j iiJU- ti^l jLiaJl JjUj .2 

.j^^SU^ 'Cr--^' ^ <JW»^ lJ^^ loop) 

LbJLip ^ ^1 ajjIj iijJL- iiL>J JL>t^ ^ J-"^^ '3 
JiLlj I jJai^ U1juJ\ iilflJl ^Uaj 0^ «>i-^ W y ^ (pilots gain) jLJaJl 

4jdL»JI Sj27.i.»it AiiJu«JI AiJL>JI ^ ^W^' C/^^ ^^"^ 

(altitude control loop) a*»-jUJ| aaJL^JI jLj tAjLt^ J^-^J -5 

J\ ^^Ij ^LiJjVI ^jljJ UliJi (.X,^! ^ ^ .6 

J ' ' " * ^ IfiLj*- ^ ^1 ^jjljj 

Jl jl Jb^i'yij jJLjJI «U Jl^ jj^l jilJl SjLil 01 J 
t (reverse parameter) t^^— * jL^I ji-J ajjIj 
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j^:7< 'i^Jj W=rj^ ia-rfj-Jl Ujhp U»j^I ip^^l .8 

(refining) ^♦-jiIj |»j JiSj .*JL»L>J| ^^^1*- Ja>JLl ^ ykll LjJlJI Ip^^I ^ 
Jt^ t(1963) iJLi-'^l JDljji jljLjSLiI oL-lj3 ^ ,^--^1 
(Durand j^j JDl jjJlJ ^ ^Ini^l dULiA .1966 ^Lo ^ (Wasicko) 
S I 4^ jZi f-\di) i» ^j*^!] ^1 ^ SiLiil ijLAT jA J and Teper, 1964) 

.JjVl <JL:-I^ ^ -iUi 

tAJLoL>Jl iajjJU i_-> A^^iLA J ^ (1967) iis-M 4JU«flLA>o 

^Llaj oLSL^Lji cr, o ,^7 (Durand and Wasicko) jX^-u-ijj JJljj^ LaI^! 
(glide j^L^I jlJb*J*5U yijj C) oJiti-j j^Jiil (^^./rJi i>Liu-Vl 

/jJLjJI 4jjlj iJ^^ ckp^ yi-^l 01 slope beam) 

4lJIp \j]ay„» IJLa cJ^^^^JJ tJa>Jl ^ -^>^f^l 0*bfjbw j 



ij^-jij t4_*L»-jJI i-— Jj t (wing loading) t)^^ ^^^t^J 

Ap^^lj jJL>ti3) (^JLo Ji>8 (^^t cH'j^ ^ c'^^^' ^^'yj 

^ ^1 J-U^- jj|> flJL^I cJU.^ 1990 fU 

<^\jJu ^JlIa .LJj^^I^ t^^l ,>j» (Robert K.Hcffley) j^^ii* 

.4JjJ>Jl AP^^Ij (OljAyi 
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ol^ ^ A^^ji^jj AJLp-ljJt ^^^^\ aII^ JJUi:l]| ^ t^Jl^ Jij IJLa 
oLj>t-ul tij^ 4_jj>-jL>JI ^tJis^\ 4JLL>- j_,JL1a jJLpI 

S ^^-oJl Jj"l i** I ^LrJl cJapt JLij j .cJ jJLk-Jl 

IS.jbT cJLT iJLJLJl j> c5>-^/l i-ljjJl .{Heffley, 1990) cj^' 

^ J (^iUJl J-v^l ^ ^^bi^-i) (Hess) jLJail ^ij^ 

la*-;* SjSU? jLJ? Aj^^juslljd ^IJL>>Ia^Ij JJli^j aI^JLqJ (_^ju^I 

. (simplified pilot-airframe dynamic model) 

jiin LJjiil ^UJI ij^.yVl ^"I^LJ JUJI jL^l 01 

*V F/A-18 Hornet iilLLjl oliv»l^ JJ ^ tiJL.UJl ^ 

5 J LjL-u» (longitudcnal acceleration) ^1 I^pjLj JliJi 

jlju ijL* 2.5 j> ^UiJi Jl j> ^IjlsI i-li-) ft/s^ 

^j^l-^T.tfl . (speed break retraction) V'^fr^' ^JLa^^i-Jl ^jOJ^j tJJUJi jJLp 

^jJ) <Jjlj i^-^J ;^;tH cy*^' kiULj ^^^a taJL?-lj o j a < J^ a3j-?-j-«Jl 

j^yiJl popup ojjLl-qJI ilJLLjol ^ t (thrust inputs) ^jJl o!>L^JL>bj 

^cl^ ^ |JL:>- 0 j^LkJl LaJLiP VW^^ ^T*^' ^ J^^-^ 

Direct Lift Control ^ ^Ut l^5:pdt 4-12 

Ji'LlLgJ ^..lall J^l j-A c^^^j>«-jJt AjjIj ^^^oJu OjJLj tplj^lall jL-^ P-Lk?-! 

Jjl t (William Koven) ^^jij-S" ^LJjJ Liijj .iJLoL^Jl V-^^' j^—^ 
(DonglasE. Drake) dLIji ^.UJl ol^lW ^LJl J j:^- ^1^1 

jy^Jj^^ f^J '(i^^ J^^J * Douglas ^^jd iS"^ 
^Ip Jj .0 j^ji J AjubuJi oLnljd 4^jiJ (Edward Seckel) 

iJL.b- ^ iiiiai^ S^Uai j-iUJi ^S^^ jLifl-l Jj! JJL>o 1964 
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LjJ h>- olii JjJbJ ^ Jii Temco-VoughtF8-C 5 ^UaJl cJl^j .ol ^U? 
(J. ^!AjLoj ^Jb^l JJ jLii-*yi IIa iSjs^\ Jij tS^^Jti* oL^US' J-«-«iJ 
(Lockheed S-3A ^^J^ JL^ j} I ^IkJl dJUuJ . D. Etheridge, C. E. Mattlage) 
.<Jl«L>JI j^^Jlp Jaj>Jl cjIjj^ SJlpL.*^ ^ JiVi I UJC>J Viking) 

fclL^_p*j J^\^ ^ Xjuj^ jl jl—*^ olj>t*>t-s<aj P-l c;^^ S-3A 0 ^QaJl 

^^-uJu l)jJlj (wing lift) qLl>^I (wing spoilers) ^'-^-^^l ^} 

.(4-12 JSISJI) ijlj 

S-3A syUaJl ^ jj .o^UaJU o^y^j-^l jlJL>J*yi /jJLjJI aa^" 




^Li-i ^1 ^ ^js^ ^^^^\ ^ jj.ai ^.jc^i ^ikj 4 _ 12 jsciii 

/one '5 ^// the World's iJLf : ^) . S-3A JL^ 2 ^Ikll ol ^Ikll iLU- ^ 

.{Aircraft 
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. Collins FCS-240 jyj jUaj ii-j^ t^JJI (Lockheed 1011 Fristar 

LfLit (autoland) ^1 (>«^»^ f ^ 

►LLiJI i^AU',' **triJJJ^* Lockheed L-1011 S^LkU 

FAA aJ\ jJLiJl 01^1 J ^L^l j cJl^ jS j j ^jjj Li»^ 

. 1981 ^ (^JiS 700 

^ki ^ y i» j.^U <^ Jiip (flaps) olj*>U3i j^i^l v^^^ LoJLi^ 

.oU-ji 8 LajIjlajo ajjIjj ^i^^l (spoiler segment) ^jVl ^l^^l 
^►^>»i3l jjl* J^^-va^JJ fjl ^ ^Jj^J Lflj»A*j ^ 

'<j^' <J1 c^j^' cf-^ c?^' 'C*-^^ ^uJi 

11* J .(autopilot) j^Vl jLia-^l (autoland) 

olil^pJl OL* (^Ijj SJbJ IijIj (control column adjustment) 
tLfiUjjj (up-rigged positions) W**^ C/'-*^' 

.j^Sfl ^jjlj jy JjU^ Jj^- ^I^J V^-J 

(Washout) iajL^I jLiil <wiJliJl S^LiJI j! ^,^L>ciil 5^ 

. (nose- Up ssense) jJLJ ^-^^ S^Uail 0 ^yi^l »-JJl3l ajjIJ aIjjj 
8 ^ j|JL>J*yi /jJLj:]| Tristar S^liail p-Uj 5^ 

o^Uail jLnubj ^i^lj oL>c^L>u^ J^^Ijj fc4j^^j>Jl 4^^^ y ^LhliL 

.Jj2ju (jji^l IJL* J^U- ift^ (_5^^i v^JUIj ^i^^clll ^Ij^^i^L LaIJLi 

Lockheed S^IWI ^y L.! S^UJl ^iUp ^l^^ JJ ^iUVL y^UJl 

.Ja2i SdUJi ;l^p Jb-ij ^liaj dULi^d 1-1011 
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,fS^ytjd\ jL^L ^iXxiJI oLikul mJLJ ^LJI ^^Lj 

The T-45A Goshawk T^5A iJjJi^ S ^UaJl 5-12 

4*««Sj J5'LlL«5 ^! 0 jA (thrust system) ^jJl ^UiJ oLSLaldia o 
j_yJLp ciuj^rl (Patuxent test) c; ■■■ '^ y^L; oijLi^l ^ oIjJ;-^- Sjlp juu 
ti-JLLji^l RAEj cNACA ^ dUJl^j tF4D-lj F8U ol^LkJl 

^jL^Li S ^LkJI J (McDonnel Douglas/British Aerospace T-45A Goshawk) 
. (Wilson, 1992) a^KJla * (Locjheed S-3A Viking) 

British Aeropaoe Hawk syLkU (4^jt Ji^i^ v^"^ syL^j 
Jbu S S ^Jj* t:uj>mj ^ (airbrake) aJLd yLa jt aj>j^ 

Lla . (ventral position) ^ j-^Lj u U-J t ^'^^^J^ a-uIUJ| iiUJi 

j^^Lj».i]| b\^yjy ^jJI ^ v^liJI Hawk S ^Lk]| i3 c)^ ( (subsonic jets) 
oLoj--Ji 1*'*^ iJ?*^' J-* * 0>yP*8S turbofan engine) 

JLii: A-vfl-ai^^^l ^j-?^' oLp^^I (high thrust) ^jJl 

j! t(idle setting) <i^i>.^]| ^jJl jl jlip j^y^^r^ j-r^l ^LjjUj 

A jLju (.-Jlk? lij aJU j . (low engine RPM) ^^i>6*JLi 01 jj3 JjL*^ 

oljji 3 J* ilajj cJ^I ^ ?Jb3jo ^Sfl «,,.lla7i..^ (go-around) jLWl 

^^L- jLi^l jLIs jLl? t (George Wilson) Oj—JLjj ^jj-^r ^bj-^ ^-M* 

^n??**^ (Captain George J. Wceb, Jr.) t^-uj ^J>^ O^LSCJi ^4Lr**t^' 
^1 ..StI ikjij 1983 j^LlJI ^ ^lAj^\ Hawk S^UaJ iLiUJI 
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jL:^! jS"^ JSli (E. J. Hogan, Jr.) OLJ^ jl*jJI S^JLo 

: Jj Li Ajjj jjiSfl Ijla Jj»- iAjja^\ 

(glide stope tracking) jIjlmJL ^LjUI ■ yi.H ^ jLf jlIJ 

jU^*Vf lJU ,^^42Ij U UUj (SJLi4^ Xp^I ZiAjJuC>j^ V Ujllp 
.t^jL^^ jl S ^LkJI jliJI jl )i . .;i t V L»JJLP (overshoot) 

(deceleratioii) Jt^^^^oJI SJUj (imder power) llAlSS SjJLJLII 

JuJbll jUiJI (SmusJUj CfUl |»LaU /L* cJj* 

j1 Lso ii^i SjUi ^Uoj ^1 ^ c^UjUji 

. (landing signal oflicer) 

JL*j ^j^j ^Hawk o^LiaJl ^_yJLp ajjj>«_J| Lj-jjj>tj tjiJlS" oIjLij-I ^ 
jIjl^I jij^ clj^ ^^'^ ^LjijMl 

iJlk^l Hawk ^lit oI^m/iST Ol >i tT-54A S^IUJ ^^^ji Ji^j^^ 

^s^^^IaJI (Hawk syLkil ^ ^J^h^j-^I JjLi^l AjLfdl 

.(5-12 JX-UI) SULj jyuSfl c-JUI OL^. ^T-45A S ^LLJI ^ 

^3 APj^j aJLl^ ^l^^ L$ 4JLoL>Jl ^^J-^ OJL?-l IJL^Aj 

0 ^^5oj t (Speed brake drag) aLo ap^^I t-JJdLJ aJU (thrust) 

2 ^Lm.H 1 Jy J ijuj^ (modulation) 

7.78 55 T-45A sylUJ (flight idle RPM) UuSl Oljji 
^Jiil Uip lJ\ (idle stop) oL^^j dLldj (^^.^ajSI JL»JI ^ 

. (throttle mechanism) 
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iJU « ^tWl li^l ol^^-Aill Jflfl ^ jLiti j,^:*^! jrU- 5-12 JCsJl 

Jl ^1 >i J2i jSlWl aUU T-45A ilj-i > ^!sUjd JJj* 

.s jSUall 

S^'LkJI i--^ T-45A S^^LkJI ^ ^'.rt^*^' cJli-il JJj lJu* 

oJL* oJl>-Ij <,Ajj>zJ\ 01 jjis OjLii-l o.f.?.,.* iAJUaj^l Hawk 
^1^1 Cfl;.,^?! JLii (1984 ^ aJLoUJI 4^.m.>;^il oI^jj^I »IJLIjI JLaj Iajj^ 
,^^^1 Jl>J\ SiLjJ ^Li:>-Jl 5-«Jii^ L^LJjjJLjfc (slats) SJJ 

Rolls Royce Adour Engine ii^^^t^j Lf^^^t^ Jjljl^Ij ti>tij»-Vl J^^-*^ 
^^LjjLitJj (forward acceleration) i^L'^'^l ^L-jJI SjLjJ <iJLJ jj ^jJI ^_^Lp 
dUir .(wave off) Si^l j^Vl ^-Jlko Ujlip j^UJjMI ^ AiiJi 

CjL^jLJ\ ^ t-uj JLiJj .(Dutch roll _ ijjl^'^l 

.1983 ^Ip J:^^ jJail pbl 4:^0. 

^1:^1 (thrustlag) ^jJl -lK-3Lo j_^Li- JSLIj iJji^j tdJUI^ 

^,JC:>«j t-^j JLii tiJL»L>Jl ia^ ^ oLIaP 
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J>-\j jAJbl tT-45A S ^Liftii Adour *J ^ mJjljcJI Lucas ^ iy^b 

yUJi ^ Jut ^ (trim) 

The ]0GkheedS^3A Viking S-3A JU^jJ S^SlUl 6-12 

McDonnell S yLl» jl SCU- i jL^ S-3A JU^ jl I y LkSl ^1 
OjLii-l CJJLr J ^ja3\ jiU oU. ,.->■ .^7 p| dUi J Douglas T-45A 

yLxil olJiwJl ^1 rAju\J\ S-3A syOajl JU> 1973 ^bJ 01^1 

i2>JLi W^"'^ J^Li-Jl S-3A JL^Sfl ^, .o./>?l^ Ol^ .^dj 

Oii^j^ iS^^j>i^ tT-45A Goshawk LjiJU ^1 tiJL»L>Jl ^^i* 

oLp^ ^ (Bypass turbasfan engine) fj^j^ 

^lli J^i^a^ |J J « ^Lojjl ^ SjJLj ^ Jbjj 

0 S-3A 5 yUftJI jyii . (Wilson, 1992) iuLj^NI ^ ii 
(direct lift control system) ^L_*J| ^^-SLa^l ^UaJ ^ ^LuJl 

P'^^yiaJl S-3A ii^^^^i . (thrust trim compensation) ^jJl Ja*-^ Ojl^ J*^ 
iJU- ^ ^jj (longitudenal trim) J jUl W.,^!! 0 jl ^ ^^j:^ 
jjj] (elevators) ^ijj-^l ^y^. <j^>*^^ t^^l ^j^^^ 

. (throttle) Jji>Jt ^ y U Ji» 

Concluding Remarks 4^li>- cl^Ua^-^ 7 — 12 

oJL+J JIjUa- tF/A-18 j> jJlTL. t S^^/l 4j*LLJl ^^^Sl 

i^j-^ii S ^LWI cjjLC ;ip^ obJb« iL- Ji *y L. dUl^i c^Umi]! 
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a^u asLui :iiJL>Ji uiijV ^^jUiii JjUiJi oi 

JL>J| aJLp 0^ jlS Uj t^JLiL ^UJI ^,X>.i3l J^J^i 
JJUciil tJU- t^t "^^^^l ^ j^JLlI ^lii j^Vl 

CjI ^U'S'l oll^L^>tj jJLj Lo jJLp *-JLklj <ilJiL-«Jl <iJL>Jl ^-oJijV ^jLSlil 
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Ultralight and Human-Powered Airplanes 

OiH C,-*'^ (ultralight) tjLj?- AjLiiJl ol ylWl (.jti^ 

^UJI ^ilJi-i-^fl ol^li* ^ 5J*i»Jl jj^Vl Ji (handgUders) v^iyJl JJiJl 
M_jj_>tJLJl Si 4_:>-L?- i a : II IJLa bLo-jj . (general -aviation airplanes) 
i jJa 'iuj (wiJL^Lo Oij-ji* 4J jlj-Q-j jJl ^^LiaJl J (experimenters) 

tO^:>-j c^-^lj ^>6-*^ t C-Jj j_yS to^Lkil oLS^^^I 

o ^;kui ^ (human-powered) SjJ^Ij aJLLilJI oI I L>t 

aJUaaJI Sj^Lj Ol^^i^ ^ C^\S JLA5 tLg^LLp cjLjVIj 
t^ji^yJl iJLf! jjlil Olyliaii <jJL]| iJiLlLjJij f'\i)l\ i,an,/> iia->t^ 

.^Uciil (Gossamer conder) LoJklJb-J Ji 
Ajipareiit Mass Effect hjMai\ aliS3l C^l^b 1-13 

^ W JL* 1^ i^jj jbjj *y ^^^1 iJL^ uiiJi oi yUftJi v-^^ 
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(George Green) ^^ji- ^y>- Jt^ ^ 1836 JjV ol^liJl aJL* 

:(Gracey, 1941) Uj V^UiJl ^Jb ^Oj^jJ jSUjj J aJ^ 

Z.y^\ JJUiJfl :sUiit Jl lOssai ^ i^yilWl bL)Jl ^ ^ 
C)1 fKM^I IS*^ Cil ^ji^ .i) jMxJl pi^t yL.MJt Jl** 

1^1 ^-M^ ^Uii aJUiaJI (fictitious mass) 

jJUl ^ JLij . jSUl ails' ^ j^^^* J^U 
((Additional mass efifect) 2^L>^I liiiOl diUS ^li^ ti.'>M.^Jl 

i^^iuJiJi i^-M^i as^j UJI Silks' ^Uii IJL» iwJ» juiaJj 

.as- ^1 .ujii 

pjjp ^t^pi^ ^ ^J^' (Gracey) J-*^^ cJlS* 

JLisbjB as* ^ o^fiU-fcj A-oJLp NACA cJl5 JLi] J (pendulum) J jJH-S" 
^ 'js?^ t*^b 'u'J^' (>• * (airships) 
.iSyfcUiJl iJbiSJH t4Up jl^^iU 

J!15- ^ AjybLiaJl oljLii-l NACA o^l ^1941 ^Lp 

jL^^fl cJlSj .4^^ Jd^^^ aiJ^M JLSLtt old Slkiu J^L* jf 

^^^1 .(vacuum tank) ^1^1 ^y. ^ jt ^i^l ^ ^j^" 

JjJj .ijjis^l jl p-lj-fJl Wit LSij twAiiikj ^iLojJl bJLa Oljjl cjLlLiS'l 

j^^^ikil oJ^L- JLS oULHj ^iUflJl ^^^y>^\ J-QJiil IJL> ^ ^^y-^l^ V-^'Aj 

.^Laj jVl J ip^l ^LS J> NASA ^1^ j^^^ 
j^Lrf ^ 0 ^Lkil ( |JL:>> ai^bi?- ol jlUf ^LJ L^|j>bLw«l (^^^AJ (^1 iiLlw'^Ul J 

5^;j*-Jl ol jSiy I J t C)Lj)fl oS-^ Sji (Gossamer Condor) jjJJ jS 

. Helios J Pathfinder S ^UaJI JJL. iL^ oliL-^ ^JaiJ j^l (iJjjfcLjl ^) 
- Lijjjj^ (Aero Vironment, Inc. IS^Jt ^ oljJLkJl aJL* ^r^J 
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;y> oL^^ oLa L ykUiJl iliSJl ol^*b cJlS" dUJlS" .Ljj^l^ 

JJL>.ij iL^UJl A^L^I ^SLqjJI c«u.^" US' ( pUI tju>J oU<»l jjJJ j j^I 
JUJI i«Jaj *i^lla3l oLrjJl;. t^S^t-M' 

^jJJlj ^jj-M-il oLn^^ mJLJLh ^ ^jykLkil mJLi^I oIjLp iZJj^j 
^>JL»iJ oLiLiu. L^jI ^ t(G.H. Bryan) OW*^ L^L^-*' tf^* ^^t^^^J^V' 

iS'jj- oVaLxjo ^ (apparent mass terms) <jyfcUaJl iJLiSLH oL^jJLi^ jJLSj 

^Jl-Jl jL^ ^ Oli ^jkJ 4Jl^^)fl Jl^ A3lj>l S^iyi 

JiSJli .jjJD ^ ^ 5 ^LkU UaJUI ^LlJI t-u^^l IJL* 

iliS" iiJl 170j 21 4^jLJ aja^Ij i-JM j> ijykUiJl 

^jLj ^^jJij 4jybii2ii Ailkxil SjSLiiJi 

approximation oL^I j jluJl ^SLqjJI oL-L53l AiL^^L 

.MjykUail <ll^l ^JLi::! ^j^^A^t 49-^ jjiij ,2;^«J 4o^f 4jjJUil 

Jj VSAERO jj« jJl c)L (David A. Lednioer) JLib ^JD Jij 

Commercial and A^^jHiJi j I>jUiJl lJb>- Cj\ ^UaJt 2-13 

Kit-Built Airplanes 

Jme'sAUtke Worlds' iL>»>i 5**— j ^lJl»»s*-Ljj .oU jt ^^iLu-lj ^\ LjL> 

i^l^^JLil Jj^l SyUaj JiLoJLi tjll-^Sfl oJLa -k^t jL 4_»S(3j Aircrqfts 

(Rogallo jJLJLpjj J-J ajj la o l^j tiijJLj>J( 4^<; ,^^l5iJl (hang glider) 
(shifting body j»-->Jl Ojj ^ Lj-ij c[etal.], 1960) 

c) jjUI (Lilienthal hang gliders) JIjJLlJLJ (_^JLj oLp|j-i US' weight) 
^1 jjLi jl ^Uj>JI 4*--tu j^^I— I jj-kill ^ t/^^' <i • il J ^LJI 
4£a aIIoJ tlJUJl t,g;./iil J .i3^>Mj ^JLa Aii^D ^ SjLp ^ J (parawing) 
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j^JLiJl ^jl y (microlights) iiLi^ j ^^S^-^Jl ol ^LkJl j 

.4j jlJLSj oL^^m ^ J jjy.;* J ^uLi^ 4^ old ol ^j>^, ^JuJI 

.Jiiju oLsLy*;^ u^^"*^ c5^^^ 

^1 tP^J *^-i^JL^>l CAAj i^S'^Sl FAA JS" JUU 
pjjjJl FAR ^U-u-t lJL:>- ii-^i^Jl ol yLkJULJ (Certification Provisions) 

FAR jJ2:j .Jljiil S-CAPj 482 ..^^Jl BCAR j 1990 ai^ 103 
JjGjLj 155 ^ JJI OjJ?J iijJ^^ Sijj-gJi ^ IjL:*- 4 . tfOl ol^LlaJI 

JjDjL 254 ^ i^jj Jujj >i J;^\ cii^p^ SijjJl |JL>- iluLUl ol^lkJlj 
24 Jl* U^i^fJi 55 JLp iJLr iLiiJl ol yliJi 'Adi? 

(fi^buj OljA^I V'^L^ ^Jj^ ^ly^l »3:»JI fji^i^^ .aJUiP 

0IjlL3I ^ JUJLjJI ^jl>cI--jj . (operating rules) J^^i-i^l JLpI j5 Jj.la:) f^^a:^^ 
.jtMfi j2»-*yi JbJb*j CAAj FAA ^Li« 

^ (1994) (Anderson and Ormiston) d j C) ^j*J^l f »a5 
j^jitJl ii--HAJl Ojij-*-* .Lfj j»-^j>tij| J Jj^l hj\ J iLsLi 

reflexed ^^^-JoluJI jL U 11 JlX-it Jjj-W ^ ^jt^j^ ^ (longitudinal trim) 
L^j-^ S^Lkll aJlA A-jkL»»j*ifl d]j airfoil shapes 

j21*m\ f^^A^zJli Lk^JLlA ^^lllil A f**^^ «^LL>bJ| ^U>'I jJ tk..M^uhJ 

oIjlaUlJI . (cruise flight) j^l^JajJl t)l^«JaJl pLjI SJLjL^ iJjjJj- 

Jij .(Cook and Kilkenny, 1987) JLlijI^ otjoU- ^^i^jUJl iij-o^jj^i 
j^lj 4S'^p**j flijj^Jl JJLill oLpI^ j\ jAlJ^\ oAy^- 

JJ (flexwing airplanes) 0 ^^^1 ^1 • 
olyllaJI aJL^i i^ykJJlJ OljjJJI (•X>J 01 .(1998) (Brooks) 
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t j^-j-«-Jl Wi^^ LiVjJl (adverse yaw) ^j-^Lc^l ^1 Sj** 
Lp^;--^ A^j-^Jiil SiLj iJLiJi ajjIjJD eJLJl ^Sl J-«^JHJ 

jjJlJI iiUJb 

iP*^ <-r^ «^ Sf* >^J^ jW^' j-j-^^ 

JiLiJi) Chinook WT-11 I ^LkJl ^^^1 (fabric-coated) ^UaJL 

t9mx9m o-L-^ <,"^^\ JJlS NAE ^^JliSLJI ^Ij-gJl jiiJl c(l _ 13 
JLii .AjiLifi^yi ^ oIj^j^mJIj ^l^pJl ^ysJu iyrj t (Roderick, 1986) 

^ (jl^j oLi>6i^ j.^^' ^wuJLJLJ ^'-^J^' k-i^ 

.ibji-f^ li>JL« VUi^^l Cij^i^ ^-ij^j^fl Jj-^ (pitch down) 
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j^--*-fS ^1 >,,,;■., il jjk (inadvertent stalling) i j,/»a*\\ ^ »l ^'^l S^*iJl j 

Olylkit tJjk fJ^iuLA ^ ^>Lk>a (^4^J 4jLii»Jl oljSlkJl ct'dljJ>J 

i:L*j^ jl o!jLii-i IjjW-^ U.S. FAR Part 103 

.jJb«ilj t^jJLlil oljL^ ^jLhIS^Ij 

ij^l liUJU ^1 MTT S^lt^ j-el-j^ 3ij-SUJt 3-13 

Tbe Gossamer and MTT Homaii - Powered Aircraft 

SjJUULj UiJLJl jjJD ^ ^L-^ 5 ^Lkil U-j 2 _ 13 Jil-Ul 

^ Ly-JLiA jLi^ s ^Uail oJLa y\ ^j*i>J .OL-iJ^ aJUajJI 

.(pusher propeller) ixiljJl (^^li^l) 

^ h>- j,.^>tiU jli^l iiLoJ J 1 1.... <Lju (warp) o ^^il«Jl ^^^^^1 
|j;slj 01^ ^L-»^ Jjy J ^1 ^ Jb^f i I . (Gossamer Albatross) 

.(Grosser, 1981) ^ OU-vii ^iUij tS^lUl J5La 

(MIT ^LjjtJl ij5Li-j ^j-^L-uj^ (j*^^^ o"*^*^ jJULu-Li JLfj*^ S ^LI? Lo! 
lijUj^ ^Llj>J| 4_j3L?-I oI ^LiaJ! J c human-powered Chrysalis biplane) 
iLJL- ^ .z?:)! ^ yiSLiitj Jil (Monarch and daedalus) ^^^Iju^j 
f^al^\ t-JJiilj (tractor propellers) ojl2i«JI ^jI^I oli ^L-^ olyLia3l 
t^JUl iil^ ilJLj^;-9*j iij ji» cuj».i»r7.^i jjiSlI ^ J . (aft tail) 

4jjIj3| j^Ijj 4*:rjSil J* 3UlP*yij ti^^jJl 4*3 j! OjiUl ^li^l j];* 
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Burke, «The : ^) ^1 «:jIjjJl1I S jSlkll ^^ku;'^ .^U-l j^i^^^dl ^1^^ jl^-j ^»k^ 

. (Gossamer Condor and Albatross, 'AIAA Professional Study Series, 1980 



UltraUght ^LLii-l S ^UaJl ^ jUb^'Vl /jJLjJI LjIj jl 4 _ 13 
Aircraft Pitch Stability 

iLji^JaJl LjljUfcVl JL*jjjL*iJl iL?^ ^ *^JLj (_yJj*yi ^jJ^i jj-J ^j-^ 5Ja-aj| 

^^L^ S jjUaJl JlIj jji ^ju JLL^JI Jt^;^ Ls^J - - ^Ij Lj-Lfl 5jtjj-i-Jl 
.(f-j^y-iJl (j^) ^-ia*-' J^ J^*^' Jtr^ ^^^r*«^' AkdJl i^Al?- jjJu jS" 

(Ij jSLw- ^U- ijl (^jJLpj .jtfI*M.a j*P ^J^' (Jj^' ^J'-'^' ^ oJlp-lj Joaj 
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i^ijij 1000 ajlJLLa c^Ij (divergence constant) jlpLiJI cujLi! 

/jl .>■...: II (benign behavior) jl*ajJI ii ^^JLJl ^..^d.i.l ^1 j 

. (maneuver point) 5jjli-Jl ik2j ^^yi:^ ^/iil tLjj|jjbj« LJ jLioLj 

AjdL»Jl aIloiII i^j^JL?- SJLlXj 0 ol yLkil aJLfJ a jjll^l J 
c-aLp- ^aj Jij J^l^;^ Qlj.lall JLlP .ijiij ^^1 JL,oj>ell| oLijI-»>B J iJLJl ^ ji\ 
JpLiU 0 yliaJJ 0,,^ «-j ^ (ejjll«Jl ^iaij ^Jilj L^lSJ j 4j^L>J| AiaiJl 

<,,.llfl7ii ^ c Aijllil Ap^^l JLip ^ jJI A-*-^ J ^ J^-^H (diverge) 

(maneuvering (iSjjLuJI ijjl yLLu-l» j] SjjLuJI JLklj ^ ^^^.i^ j 

^yi-j ^ ^jJl jS7...< cjli S yLU stability) 

ijjIjLs SjLj ^ ^];^J tol^^a-^^fl SjLj ^_^J jlijj^fl /jJLjJI ^JP ^J'^ 

c5^l ^ kj^j 

^ ^^1 ijjij ^ jl^^iL-l^l tOI^^JaJl jl— - ^jIj ^j*^* 

.Jii3l ^ jji ^Lol 5% Jbu ijiL^Jl iJftiJi ^ 
J ^ kjUi^t (^jLiJ oLm « I J-Siil j$ jA caJL?- C) SjjLl«JI ikJLj 
.4:;lxia ^j>ba mjjIjI jL»^I «.,.;. ..1 JJli^j tjJ^I 

ij^j aUJL ^1 IJL5- LLuLA-l oljjUaJj Oi^i 5 _ 13 

Turning of Human-Pdwered Ultralight AirpUnes 

M. o < ^ J is*- ^jJi j^jlj-J j»-^»*l3l O 

S ^JJ^ ^i^^^^ jj-^t CjJLkj Jiij .^jSfl (kremer prize) 
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jj-^tHT t^j** <J^J 'Jj^ 1-5 ^ n ; II 1 ^ n t JLr*j (pylons) 

: JL L. 3JUfl3l li^j (Henry R.Jex, 1979) 

Jjj ( (rolling) ^p^l SjjlUi ^LaU dLt^j ^ ^ ^U^*^ 

•*iJJr^ ^QiPj Cyp ^>*sJ *^>il Jl 

Jl i>- ^>i> >j>*iJ ^li^-^ (twisting) ^ut : y^iy I ^liiJl 
(warping) «jlJJ lijlj . . . !(j>*Jl Jl *djOj ^ ^1 jW> 

jijJJ Al* U ^Uj-- ^ J ^^.^otfJL) JiL-t Jl ^liat-^ 
jijJUlt ^ % IS Jdliu jlJUUi Jl i^Vt iJlkKil J ^Imi j»2\ 

Jit ^ ^ yuVl SJl*i5Jl XJLkjJl vr-Hj . (rolling torque) y-J^M 
i(A>- ikiUl .,.,„.) i*- y^jjl ^ UjlJUL. 1 /5 
.^^^1 Ji ^ ^VIj S yUaJl jSCjfc i»-L U i ,_r^' J 

^UJLi ii'^ -h) *^ j^*^^ t?>**^ *^ j^*^^ f >* 

Jp ^r'^ ((i^i^J^I iJ^ ^ (Z*'^! i/^^^^ 

flJLfJ J^l OLi'j . (spoiler ailerons) 4_:>-^jJl _ ^-^\ 4 W jjJJ 

^^^^Sfl Jjtij OLS" LgJllLs J .SJLiJL:>- ji-^j>tj iijiji* ^J-^ J-*-^ <JL^JL«J| 

(PaulB. ^^jlj^Lo Jj_j jj-i^jJI SjljJL>JI iij^^l j-p^lj^ ^iJLij hjujIj 
(James i^j^ « (Peter Lissaman) J^, jjiS'jJIj (MacCready) 

tiflj^^l oJLa ^ £;}-r^' "^'-H J^^-^a^JLI i-JUaj tD, Burke) 

oU*-l1:>- aL-w-Ijj Aj>tlj8 J jLl^l oiLill aLjc^ ^^dJ*^ jl.LlI 

(warp) c*iijj ti^jiJLpJI ^L^^l ^ ^^jUJI p-jjjJI ^^yJLp (tabs) W.^/ali 

f^Sl\ J i 9'f^^\ jj^AJu (overbanking) aj^ ^jlII 4jjIj *»«ttiJI j 
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U-^-jL^t-vis»jj jLi^lj q'^^^I <.*)Lli tjli^l Jlj>i (J-*^ ^ tU>-Vj 

t^jLj ^1 (jLi^ iii^l olyUaU ^liaJl IS'jJiS (3-13 JiCjtJl) 

jljji ipj-w.* jLi>-ji LfejiJLLo 4^1^ ^j^-^ ^j'j cr^ iJlllI /LoJi 16 
.j»JLS 300 (^jL-j Oljji ^;ia3 (wi^aj J 4iiii/5>-j^ 180 ^^jLj V^Li AjjIj 



6rc 



-4.1 




L^Lw'^VJb*- aJU*JI i-JLki; .OyJI Jl j^JLi^ jU--^ s /OaJI oljj^ 3 _ 13 JiC-UI 
.(Jex and Mitchell, NASA CR 3627, 1982 : yd djS^ ^ j^'i^ ^ jlj *^j-3 
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OmclodingRemarles ^b:;- Cilk>'^ 6 - 13 

aLAjj ivi^j (Ji W ol^LkJl oyj JLiJ 

4i>Jl ^yVl C^t i4l^ t^yi (^J .oUJUlilj ^Ij^voii ^|^^^.%a>Jl 

olJU**j| Jijj ^!5Uft2-*.'yi JL. ii^UJI oLLJftiJI L^JLSli (microlight) 

iJUii?- LjjSf oJLi^ Aj^^AJI ojJLiiL) iLsLJi J ijj>- ii-^ipJl ol ^liail dJlS" 

^^^^ J .oj:>ti>8 o^LkS' LjjJLSli ^ tiJLi/ajJl Sj-AiL| Qlj^^^^; jH*^^ ^•JL'*-!! 
•t^iLlp'yi 01^1 ^^^.^ V-^- aJUsuJI SjJLiJLj UAJLJI ol ^liaii 
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jli^fj (^3:i.Mlt plj^Vt (i^j^jlt SiiVViAi-^^ 
Fuel Slosh, Deep Stall, and More 

Fuel shift and dynamic ^1 ^./i-h./i^- dLoilid^ ^J^J^^ Z^J^^ 1-14 
fiiel slosh 

iji jii (_$JuJl <JLijl? oli'^pJl (fuel shift) ^jijJl ^Wj^* 

sylU] OI>Jl fjl Ji* ^^2S3:>- S^^^^JUJI oCI>Jl 

^j^»^.,A>r7^li iyjil jJU^ (ij^l Olj^iJI oljJL:r jj ^i-^i^J oIpjL-J 

J^IWI VijJ*^' -^LJ^' c" ^-^-^^ -^^^ '^l ^ f^^b 
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Oj^i ji ^ ^ 5i.jL>ji oi ytyi 

t|»«*.i>Ji Jj-li j^^Lu-Sf( i/g)! y '^t^t**^ ^^j^' i>tij»-Vl 

^1 (^^^^jh^l ^^iM^Lp A}euM\^^ AJU^iLB A>«I:>-Sfl oiJij?- 

.i^jil iS"^^ AiSyuB J-^Iji 

oi>J Lj^i^* ^lM* ^ •A'*^ lt* tT^j* s^Uftij ajjlJ^i 

^1 yul _ oIjIjiaI JilJI jS" jA ^Lil LjlSi^ ^ 0 yip 500 aji-u 

l4.>.^^>^- ^ aKJLJIj .(1 - 14 JiLtJl) oLjU: SJU^ jJ> 

1 t(^^ (djijJl ^ vT*'^ ■/'^ ^ oIJLiA^I aJla C^^Li^ JLoij 

*iJj^l V-r*-^' cHb' t> J-^J F-80C JU^_^ S^Lkll 

olJb-j otjbj .(^JiJL SJIVNI F-80C sylkJi UjU ,:;«->.i3 iJLiLiJi a**JI 
(Ljjjlp 265 4jLi^ olJUa>o C)jJb 4J^ ol^lj9> J«j>^ Ijjj^ ^ F-80C S^UaJl 
(.jJLU jjJLp ULljj .Sj li • ^Lkjjl vlJil ^ ^ OLp^ 

/U^ip 265 4*- F-80C SylWl JU^ 

(James D. ^^L^ o'--^'^ tl950 ^^j^ j^^' 

4J^I oUI^Jl dj^ LojLip tjJL^lj j^'>l3)fi ^ J^LiL. JL>-^^ V 4jL Kelly) 

»j| ^\ (JL^ Ja:9-*y oSj j,^C:>«lJI ^ (pitching) jJLjdl 4^^ 

lJJII c)t JLrjj ( J j*"^^ jLfil c)t Ji-KJ Jaii S yUAJL 
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,8_r -^^-^rv-rn 



4-1 4~ - 



too 



1^1 



4 




.ijajll (juUJi j^jj^i - —^.^~--t-i-_-i;~ 



J i L 



- -z . 4~ > .-L 4-1 4-, V 4 1 r4 I J 4- 4 

n - - ^ , . 4 - 

4:-:;:l?^rf^]^4-i|i!i4^S!ft;4-^ 



J L 



A-4 ii^liC- s ^IkJl ^ i^^l t^L>^^ 1-14 JXiJi 

.(Abzug, Douglas Report. ES 2955, 1959 : ^) 



^ L«JLLf> f-IJLw Ijj^J 4^5-^ Ja-^J ^ jJl 

.^JjJ^I ^Ij^^^l V^j-- ^Ll^.V ^iJ^i^l 

.T-37A KC-135A ^ ^iSlJUJl eJu^ cJLp ol^UaJlj 



385 



^ :> y jlS A^^^^bjjJl 4.,i^>..^>Jl ^1 Jj ^lI^JLqJ 4JLJL>«iJl 4jjL1JI 
(Luskin and il*!*^ (Ernest W. Graham) ^Ul ^ c—Jjl LjJjt^- o ^UaJl ^ y>- 
JJai — « jl ji- ^ JjL- 0 j-<»-? ^Ul ^ f JLi^l Lapin, 1952) 

iiU^^L U^,...) (pendulum) ijJLsIa-Jl i^jJl 4jj-JuJ .^^Ij^ 

.(2 - 14 J5L1JI) ^ Ja*Jl <y iy^l Adjl^i ^1 

t e^>.saJLii JI^I i^UJl dJULfcj 

.^1 jJl ^ISC* JbJL>«l) aJL^ b jSCj 



f//////A(////// 



.(Luskin and Lapin, Journal of Aeronuatical Sciences, 1952 : j*») J-^l j 



386 



Sjjd OjSu SIjSj ^LSUil .iJL^ ijU ^ 

iS"^ o^filx-J o^^j^^ iaU^Lj aISLLo ijJbcJ 4JUi>8 o'^LLs^ij 

.LSj:*- Olj^ iiU^L^ tOjSliaJl 

cNACA <^jlJ ybUJi JJL>^I t (Albert A. Schy) ^ 

.(Schy, 1952) ajj^ oUI^ "ilU-i 0^ AjS^I ^1 

^oiyOaJi ^ uiii^ i^jj V ajj^i oUi>Ji 01 vi^j 

ijJLJLiiit ^ l^Ur ... ^ \t oLiljjicJLl ^La(^ ^3 J o ; I LbUj JiLx^ ^^^J- 

djj ■^'^ Ji ilsS" 0 LiJllP 2 yQai] (^JLli ^1 

45'^;>J| JftAJ JLiUcJ ^ JJi JL23 .aISLLo ^i^^i^ij <J4.^I V^^f 

iul^ (ULS^uiilS jl 42JaJl mJ^I ^S*^! ^ (^iju^l 

c)l3>«3l dljut ^ c)lji- ^ (J^.^*^ J^-^ 

ob .(Luskin and Lapin, 1952) J^^ijw ^ <^jiUJlj ^LoVl 

JUAJii j\ jJi ^J^JLi fj-"^^ ^-Uj-^ ^ J-^J olJl_^i9«J aj.jj>c^tj ^Ll>cJ| 

olJlji^Jl ^jj oIjUa-qJI 01 tixiiLo ^Lj>JI (spar) 

.S ^Uail ikoj! ^ aJLjL^ oI jJlh Lji LSj:>^ Sf^^JU-Jl 

its' 4«Ui3l sylWI ^ (Ji> ^JU JU. ^L^JI ^ ^ ^) 

4P ^JuJl J aIj^^I ^LsUoijl oLS* jijtij Ufi jlS ^^^1 ^.^^■■^'iJ 
5 OjjJL- J!)a»)fl 4-^^ JJL- tj!5Q»)fl oLS'^ ^ SIjSj cjsUl ^y^L 

.0^1 fi^i^l ^1:^1 Akjt ^ dUi^j c^^^flj jLdJ ^S'^l 
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^ ill*- cJJL*- tol ^UaJl ^ ^LijJl ilSLtuB ^1 ^Ljj 

I^Uij jLipLi .^^jVl 01^1 oljLii-l pLj*1 iJyfc ^ o^^j^ 

tj,— »i>Jl Oiji- (>» iiA3 tjUjj. A4D a yliajl IjL*- Ja^-Jl 

.syQaJLl j^jS"^! jj>«^l ^ LSj:>- C^*^' <-^^ 

OlS" tdUi .(3 _ 14 JiLiJi) oLii ik-.!^ <Jj^,..t i^^>^^;:>^ 

Ujllpj tJLp-j jjSyjjJLA (aileron) iir^i iii ^Uaj tA4D JjVl ol^Slkli 

jLl^l ^LjI JLp i^jD JULP <A^J jjJUfJl ^jJl olid <JtJaj] '* 1^** 

jJLw ^ JL3j . (James Verdin) ^jj^^ o-**^ ^jM* J • jSlWI oJiSi 01 j^kll 
^U^Vl ^ (A-4 oSfl) A4D olyO* ^liJL c^>Jl ^jJLil 

.(H.Z.Hopkins) jLiaJl JLil^l JJ ^ YF-100 S^LkJl ^Jb 

JlSj ^Oljs^ Ij^lp 50 Jjj-o^ ji*^ Mo^ot 

^ijjij .*-iUJi Jl jjaJi ^LjjI Jl U-A- tj^i-^i (—^1 oi> ^ 
OjS^. ^\ cSjjLJi ;aa5: 9S^^\ Jl jjlj l. Jp 

S^UaJl Ca^Sj .4.jJ>-jj8 4J ^Jjo|jj> (J^^ 0^ ljjlia< LsAJiil JLi 
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ftL^VI iii t ^lii-l ^ j^j ^tAirfl ^ J . A-4 ^ 

.(Abzug, Douglas Rept. ES 29551, 1959 : yd 
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Deep staU J^l 2-14 

f^j^\ ^y/tW dj\y> iiai^ d\ (deep Stall) J^-*-*^' ^'j-f^*^* 

^JLjaU oIaLaJI SjJli * Js^' '^1'^^ ^ jSUail 01* 

ijdLi^l iZj\f\ y>-l ^^^^ ' ^-^^ y^Vl J-.Aj>*j «±**>-J 

JjLiA oiLdJi jJi^ p^LijI Jt-<»-*^ ^'j^' ijiU- Jjl cJUajs- Ji Ol^j .(pitch) 
ol^Lkil d^^- tdUI^ .1962 ^ (Victor) c^L 

syUftJlj tBAC-1-11 j^^l lie iJiJJbJy* JJL^ BAG V^^' 

. Jjw*p »l ^1 ctJdl Tu 134 jj\ 

J-^l L-™^ BAG 1-11 S^Uail Jr^^" yi-J ^ 

(Ol jSlkll oIjJjJaj JIt-aI ^ (^1 ^1 jilJl oljLl9-l ^ SJbJL:^ iLJLi 

J5**JI ►I^VI its' iiJL^j .DG-9 jJUjj^L. Lji^ij 

1 _ 11 0 yliiil ^1 727 Ai[kl\ S ^0231 ^ U^V V k^^SLiuo Lu- 
Ufljl BAG 1-11 <^ ^\ GL600 ^^LSJ ijJLiSJl iiSLUl dUJL5j .BAG 

.-.uiVi oii oiy^ii:. ^ ^i^'-^u diiiiA 

Ljyj*!? c}*^' oLsIji ^Liaj ^^JLljj .(T ij*vs>^l) *.-Jiil j_yll*iJ 

•..iii- (vollcd-up vortices) ^^JLol ^^JJ i:?- ^JLi*j| oL.1 jjJi ,^1*; »l j^l^l 
jJLjJI ^jp jJUa4 ^ (j^lj «Lf^^' t^JLil ^Ij L«J Sjlju ^l^i 

. (nose up pitching moment) 

'^J^ d-^' "^^^ i^>Jl ol^lUl 

jjkj (j^iiSfl (^JDl 45j7... (j-ki^ Wdj-^ <JLnJ| ^jj>h^l Lljj ^ 
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y* (JJLmj ^j^j (^La^ cJi _^>cJl 4^ ^1 - -'^ (^JlII 




JIp NASA Ames J J^LxJl Ujla 40 x 80 J\ j^Jl jiJi jL::^! j JlaJ j 

#-1 j-g-S!>U ^1 J JLLo t j^Li" (^Li^23 j-^l tLearjet jU^SlI JU-j S ^Us 

. (Soderman and Aileen, 1971) ^_gL!as>J\ <aS j-o (^.aJL?- JiiJi ^ j-o jj JIp J-a*JI 

■/31,5 jIjlS^ cUUJJ JiiJl jS"^ oULJl o JiaJ j 
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(stable trim a ja-:,.,a la. „^ dj\ y> ^-la^ tMAC j_ySL-aLji j^^l {*J-*-^' y ^-^^ 
iJiA J iiiai/* Jbo( ^L--uJ J c 39 cSjI— *j |» JLip point) 

(5 _ 14 J^JJI) S jSUaJl ib jJ- (diving moment) (^Uaii^^l 
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1 23 jl^ learjet S ^Uail ^ ^p^gJI ajjI j ^ (pitch) jJLJl J^Liw 5-14 JiC*£jl 

Ja-^ Oji^ J MAC J I ^>Jt >^ ^ uiJL> 7. 31 .5 Jbu Jiill 

^ jJ • (Ji ia* ^ ,33' ^ '^j^ 39 ^5jL*J ^ Sjjtj Jiip S 

Soderman and : jji) .yLuJ,! ^ O'^w^' ^'^ j^u- ^t^^ ^ C)j^ J-*—' Jl 3J-oLS' 

(Aiken, NASA TND-6573, 1971 
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25+) JiJ ^ilsJi]jA\S^^j>- .^jJ^\ J ^ VjJjJI ^ UjJ 
Nguyen, : ^) .h^- jd 60 ^ jsyj^ hj\j jlp ilU-aJ jt o ^^iu.^ Ja«,^ 

.(Ogbura, Gilbert, Kibler, Brown, and Deal, NASA TP-1538, 1979 

I ^ JJ^JJ jl F-16 Jl^^ S^LkU ^„ 

i-^U- AjjJU JjJLJ UslP dUUj F-16 5 ^UaJI ftl* .(6 ^ 14 JSLsJl) 

J/ilS' diij><j jLisJi (manual pitch override stick) JJL.1II Jjl>eiJ 
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(Anderson, 4*i-ijB jJLJ oIjIjiaI Jb>-i^ iL?-^ ^ 'Ji-^' 

Ld C),^^'va::>MJl ^ijj .Enevoldson, and Nguyen, 1983) 

^? I |iJ IaIj . (full reverse control) J-«L<itj ^/'^^ C"^^ tJrr^ (h* 

Jl UoiJI f^jl v^^i* fc jJLpI lJi] j*»s*-Sj J-.fl*« 

OJj . Ji*Ji3l iJLL)f LjjZ oI jjd 4 0 jlJLi. L. F-16 S ^Ll» ^b^J 

IJL* .5 ^liail ^ (pitching) jJLJ v*^?*^ 4-^U]i i?- ^jJi 0^ 
c-JJUl ^ / 25 oiLi^j ciLkJl ajL^J F-16 S^Oai] J^l ^l^^fl ^"^J 
.UfljJ (Chambers, 2000) ol^M ^bdj ^ l-i* J^^' ^l*^^* 

iJK>.)f C-17 ^^'iUji JJji iiL. Aij$L^\ JiJI S^li* c:.-^ diii^ 
^yt^ ij^j tcUUi .T JiC-iJi Lf^i Vr-H Jt-^ J 
(angle of ^jjIj jj-^ JLj.a >r 7 1 Ja-ku (i)LiA (F-16 S^LkJI 

^I^^Ajj .^ijjJbJI syliaJI oJla iJlj^jJI ol^l^VI ^JUu attack limiter) 

0 j^^JLp jLjWil cJLju ^ |»-^>tlJl ^-iAaS U^l ^J-ugjJl ^lj^*bfl ^iIjo 

oJLa P-LjJJ .L^ijU> Oji ^|jL3^JLu-( ^ f-\ J^*)l\ ti-Sjj J .til 

. (Llopputaife, 1997) c (single point failure) 
C-17 S^Liail Jj**il ^ jb^l |ilkJl Vjd 

lij jl oLdjVL ^yt^\ ijjlj o^^*JLu-l lit* -f^^?^* ^ tj^l 

.(^15 t^jj Jb- fj^-^il ijjij JbJL>J ^Ikj cJj^ t (attack limiter) 
C-17 sylkil f^^l ijlj 5JL^ flkJ ol^l j...,,/i7li ol>Jl ^ 
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(vane flow direction Oijj^l aW>jl oLnL^ 6 ^ ^J^^SUt Ai^^lyo^Jl ^ 
oL2j|j Ji.;.^.?! <joj^I ol^Li:»-*yi ^ a ylkJI ^1..^.^ ^^ip ^ ^1 sensors) 

.Aiuil t.;,^ jf Jkp (redundancy) 
The Ground Effect t^j^l jjljt 3 - 14 

(J.W.Wetmore) oJLpI NACA ;iLS'j ^yfcJl ip-Lsil li* ^L>- 

(ground 'kj^ .1940 ^(L.I. Turner) ^Vl 

^ J-^ JL-pSIj a924j 1922 ^ ^jl^^ ^^jb effect theory) 

.LJliaj^ ^ (H. Glauert) ^jj^i^j LjLJI (C. Wieselberger) ^^..■.■L,..iiii 

jl itJLJLiJi SylkJl cJUaUj Ojl^j j^^l ^.i^l j> Jjl J511j 

yjj t> -^^^ Jl '--^^ s»ji J c-jjji ols 

ijjs-j jjjj tiljLg^ .jj^jVl ^ c-^^Lj tP'ij^Mi j! 

j! ^Sj.«jJLi jj-^ ^j-^ * jJLiaJt c*j>«j jji^jVl ****-Jj Jl j-jJl Jjilil cJIji-Hj?- 
^1 c)Lt,;>JI oLp^ ^W^I J ^^^^1 oIjIj^;>JI JtJLr ^1 a ylkil 

aj^i fUkj t^iu.,.,. Sfu^i j^jSfi iju 

tSyUaij sT^-JLj S ^ *J.>JLkJ| aj^^lj .ii*-^Lj f{jS^\ JU aJL»-IJ| 
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.5JUjJI oLU»JI J»-! ^ Ijuj ^^tSVl JUaJ 

oLjL^I j^jVl ^*liJLJ a^L-Jl sT^L. Sj^l Uj> JJiJ 
^SLJtf J «|i.So«:JI J jl ^^li^NI j^JL» Al^Wil 4iLjJL>JI 4^^SLuiLiJd J^V^ 

4j>-JujJIj <ijjjL^\ f^^J)i\ ^^j^ cy o^-i^^ lA^J 

^ j|J:>Jl/jL-J •^l^b -cy-^J^I Ji^ l/W^ <i^' <^ 

. (pitching moments) ^ ^1 11 j j ^ jJp j (drag) j (lift) ^ ^1 

(Reynolds number) jJi3^j ^ j oli jy <Jl iaU^Vlj c J\ 

jj-J J . Ji-ljJl iLiJLiLJl iiLsJl j^JLp (boundary layer) ijJL»- t)Lj^ 

^iJLki^L jl (bleeding) ^Lyai^^Vl J^U- iiJL>Jl OLjj— Jl 4.^-1* 

iiUl U-J tdUJi^j ^jJLil ^;^''*yjLj il^^j*.::^ 

jVl a1i,-JI oCUI (blockage effect) ^^1 ^1 OIj^ 

.j^^jVl ^llil i yry, W-^ Lq-^s^j S yUaJLI o ^^jw ^ y>MJ j^-Jj Ja--*aj| 
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1.2 




.3 















































(a) 



















Wetmore and Turner, NACA : ^) 8 jU- Utl^ ^»^\ PS-2 ^;;JL5:jI y i^l^l 

.(Rept. 695, 1940 

^^jJl 1940 (*Lp t (wetmore and Turner) jJ^j Jj-*tHJ J-*^ JL5J 
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fj*^ji\ oLtfLi ^ ^ y^^. ^^j^ ijt^^ <i5litjo 

Slyk JjJj .(7 _ 14 JSLiJi) SjL- pIjj La^j;- S^Ll* 

jJLj tNACA 5JSL*]| a^LJI 0 jLJl 2 ^jj^ 0 j*:^:»*> ol jLJl 

oljLil iaijuJt (autopilot loops) jLlaJl oUij^ ^iJLici^L ^y>ji\ 
KoiJkLij jIaIj Lfjia*j (^15' t (height-finding signals) glijj^bfl JbJL>J 

Jji (>^*J l^JLAJM JJj- ^^ ^^J^ t^*^ tiljUj. 

jiiii ;L^jSfi j^Liu. Ojjb ^^jVi oULu jl* j^^-^i 

a-jSL^Llj^j^I ol^b sLS'Utjo Uajl (^yJLJLiN jLfj>J <>^-*Jj 't^l^f^' 

^j-^l ^<>^ ol^liil ad jJL>^l oLiI jJJI 45LJi 

.ljtr»tH*\\ 4JUJI J»j^^ ^ ^Ls^j^l jiH^' ^^^^ti^ fi^ 

Directional ^Ji\ ^jJJI ^ ji^^ij -^^'^^ 4 _ 14 

StabiUty and Control in Ground Rolls 

O^U«^ Ai-Lij>Jl a yUail i» oM>tP ^LiaJ JJLUj 

aJLjcjJI j> t4j^^i>«j jjJb cA-jj^-jlli Jjli iUtP ^Uajj JiiJi 

Apji^l (^Jlil v^-T^' -J^^ i^^" ^ L5^' 

>jSfl iJ^j^VJ a936 (FiadCWdck) dLj JUjJ 

^jJI (<^Jl1I J^^^^I llsf^ ^Uk) Ji'Ltua ^ <JLSL±ui jr^J -^^t^' ^-''^ 

iJL.yLJ) JLi* Lfriit Jp ! yUJi iJU- ^ {ground loop) jt jV) iJ^^V) (») 

.uuui old s /ui .U^ 
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dLj ;iLl. ^ L4^^ ^jjJl 6^ ^1 J^"^ ^j^"^ 

<Ai^ ^i-^k; ^J'^' V j^l ^'J^ ^ t JU- 4j! ,_5JLp j .1936 

^jjJl ^ L«i .(Abzug, 1999) ol^^JaJl oL5L«Lji i?- JuJ 

. (transient analysis) Jjl^>«^ a**^LJ| '^^■j^ 



Cpitch) 




^) ) ol ja»)fl (t) ^L^l ^li. ^ iipLUI J ^j>Jl 8-14 JSUJI 

.(Abzug, 1999 
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jij-^ L>-fc!>lS'j t (landing gear oleostruts) ^ ^LkJ oLoLp-3 JL.«.^t^ 

.(1)1 J oLJ'yi ^^i-^' 

SJUJI S^i t8 - 14 JiC^i ^ ^ toljll^)/! 

J-* J tjLLs^U A-sJUJl (jVjj^/l ^jlj ^ tf-lj^jVl t<-Jaj^ 




Abzug,) 3 JLiP 182 b_-. S ^UaU ^^j^J ^jJ^ 9-14 JX-ill 

.(1999 

JU^ 182 L-uu^ syliajl ^jjJ ^L/»UJI ^1 t->L^ ^9-14 JSCJtJ! ^ 
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^1 ol ^Lkil j^jVl ^jJl} JJl^l 

N J-L^ JJL>^ c,,...:->^, ol c-^. i^L**il oMjUu. 

a ^Q? j_yJLp jVl SL^U.^ J JtJ^ ^li Ji L-LJl 

j^^t JLij .(Chambers 2000) ^UaJ T-45 <^ jJLlJI 

Yee-or Butterfly Tails JSU j1 V ^JUt 5-14 

.0^^^ <^ ^ ^j'^ ^ ^jW^ ^ «.-Jjl!I 

jt V k-Jlil oj— J iaJL- aJLj ijjijj V t-JJLJl pLj ^ ISIj 

^LiiVl v^i^t '"^^ i^^^iU^I V j! c:^JL^I JLiij (anhedral) 

syUs* 12000 ^ j^] ^JL^ JLii tj^Lil jjftjw UjuLi JL* V t-JUl oli 35 

.(10 _ 14 JSLtJl) 1931 (RudUcki) 

JL^-lj ^1 SjjJl 01 ?V t-JjJl liU 

Js-lJj Uijl jjlju IIaj -Oii-^ ^ t-Jjjl ol <^ t 

^yi .^y^^L jixiT JiSl ^1 J .c-Ji _ ^LSj jllp Ji! ^tjS" 

(General olip dJLo jll Jl I ^liaJL! c-^ jJLlJI V t-JJi!! ^^y*^ ^l 
oLi>^^l oLiJU^ J^Loi' ^Jl>cjj tAxiljil ^.^■o. ^ j Atomics 750) 

.(11 - 14 JSLiJi) Ji-.S[| Jl c^Jb 
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jLJaJl Jl-J ^ ^1 ^ (right rudder) ,^^1^1 oIj>*jMI 4ia J.;laT 

.^^1 Jl i>.j>-J^i J!>U- j\ (^yJi 

iii iS"^ (j-^^ J^-^ (Jf^^ t^l j>« jL^I 

t-*jJL2-<J( V (wJJJi ^ ^1^1 o""^^^ tU-Jsj (aileron) 5j>- ^jJl 

c*>6j ^lij! Jop aji;>-I A>t:>-Vl oli cj\ ^LkJl (pitchup) ^^^I ^\ 
V ^^^.^JH 01 tULoJ ^j^^^JlL* c.--*J Lfjl .aJUJI ^ J 

(McDonnell tF-4 Jt« oly LkJl ^^nj ^ oij:>- A^biJl ^ijl^l 

(DassultLBreguetL/ c--^LjDI iL-«JjJJl o^jUaJlj Douglass F-4 Phantom) 

. Domier Alpha Jet) 




(Hanriot 14) o ^liJUl yiii s ^UaJI ^Ul (W. Szubczewski) ^.m.^,,.. ■fli>jj>y 
.(Aircraft Engineering, March 1932 : ^) Ou^j 
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(UAV) S^l S ylkil ciU t(Amber) V ^ Jii S^lt 11 _ 14 JSUJI 

1994 c-JLi^l ^\ t (General Attsmic Giiat-750) oLp dL. ^1 Jl 

. (Leading Systems, Inc SJSl ^1 UaN\ t»'i^\ 

V <^JlJI (Ronald O. Stearman) jU^y-jL.. -^^jj iLi-Vl 

(jli JiJj S^V <wJJLH ol3 35 jl ji» jjii-u S ^IkJl j,-kj>iJ ^ Jjbuj J.<>jl>.-J| 

ipj.Qj>^ <*)! (1986 j»U) OL" oljLii-l o JJi .(jJUliJ v^*JLi 
ajjIJ Jlip (35 jl jl?) e y Lkil bjW^ ^tr-^ t5 Cj^^ V 

c^^l ilj^iJl ol^l ol jLx^l cJLii jUj .^ji 12j 10 ^ ^jl y (3*^^:1 

4.4i>^c^ C^JJl ^^pa^ cJ''^ eL:>GjL ^^^>^jalJl ^Ji^JLa ^ji^ & ^ 

.4jjik^ O*^ JLJjj ^} 4>-UJl dip (4;^ fj?^^ ^'jJ O^^^^ 

(Paul E. Putser and John P. J—^LS" Oj->- j ^j-j J j-j J-^ |»— 'L?- 
jiLuJl JLi-L UiLJLjLJ ^SL- *-^jUj i,ms f^U Citmpbell) 
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j3j tdJLIJLjj ^j^«-fJl LljjJ ^LiiuJl iUjSfl cJsl^:jl-.Sj to!>U-|JLiJl 

^IJjUi-jjIj V _ JjJl \ ^ ^"^jJalJ ^^ li.<iJl ^^^jjjtlJt jji>tl3l ^J-^L5^j j^jjj 

.(12 - 14 JSLlJi) Jl^l jiiJl jLi-l oUL 
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. V c-JJUi ^ J^IS' /^j^ Sd>iJ (S^,JUaJI /I jJLJI) Ji^l 12 - 14 jSCiJl 

Purser : ^) iJUiJl ^_JJLJI Ljlj JjU* ^-JJUl j\ iljj^ oL^Lm*^ c-w j 

.(and Campbell, NACA Rept. 823, 1945 
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Control Surface Buzz ^auM 6-14 

cjJLjJlj J »jL>iJ J-*^ 0 jjLj-iaJi tljjjhJ (Lockheed P-80 Shooting Stas) 

/13 <S'U-*i jLkjB J c-JUaJI 0 ^liaJI oJLa t)^ j^r^Lj t^LjjJl j 

•tj>'^ W,^H • ^'J-JI OJj tNACA-65 ^1 ...1 .fn ^ 

(shocks) oLbJUaJI 0 ii-^^ lJu\yL^\ qLo ^^^ij 
(aileron hinge *3i Jai- ^t— ^1 tJLp ^jAj^p 

.sJla ^^.:L!i 45*^ jjjil 4ijJI ^ ^JL^oil 42kL4 ^1 jS line) 

Jiw-Vl Jl J-yai>« jlJ^ Lg^ (field flow) Ji>«il OIj^ 

.SjjjJl J*I^ .iiJlU ^^LLJl J ^jLJl ^^,-jj*kwJ( ^JUa]| 

J'^U- ^ diiJb jl t ^p*J^f ^Lq-JL 

tF-80 fljjLlaJl p-C>tj .>! ^ijj IjLa :,.7,.gJl OljjjJl ^ oJlH .a .^27 
*JJ^ 0^ ^<^J .S^Uaii t^^j-«Jl jjjj^i ^l^^t^ 

tiii-!)UI ol ^OJlj p-80 S^LkJl ^ SJLi^ ^-^^ 

tt^j^^l syUaJl ;j»-^JLil «jJ (actuators) o^iU-iu. t^J^ 

JLp ,^^1 6^ yip j^Jl j,X>.i3l ^Ja-J iijljjl ^ L-liL. 
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.Sijij ^1 liA JJLi jjJa J j.^^ 5*31^1 ^r*^ 

<ii 4; IL Jilij ^s-ia— • ^^t*^ 

a yLiaU jJ>-\ ^ j-flJ LoJk 4jUJ| oi^;^,..o4j| ol y lis y ^ (rudder) 

(Douglas A4D 6 t5^-^ " jJLkJl j t (North American F-86 Sabre) jJl^ 
J-AJ 4_?-jJLj <*j>- ^ oLii ^LkJl c*^ Jjiti*-! Ji j Skyhawk) 

0 ^f J t^JL* t-JjidLI (tadpole) ^ ^-iJl j (splitter - plate) 

^ ^Ut (vortex generators) oljJ^ i*U*>lj ^S^\ 

.LbUj ^^^^^ 

Rudder Lock and Dorsal Fhis 4i^l ui2U3]t j aUVl 4Jd JiS 7 - 14 

4>B^ SjSLkjl j,»7.«7j .LfdSjj ojJl oUbj^I 4ijJ ^^^SoL«Jl 

f,^^ ^IJ^J*^^ oL-»<i3 j^LSj ^ (J^J*^ '^^ji^ 

.»^fl./l7; o 11 UajJI a^LpJ ^ jLLli 3^^.f>J Jb«lS' t^^l aJLuy 

t^jJl J S yliaJl ^t-^KiJ^J |t-J>>Jl dJ»aJ \utS .S sL>«J^fl A3JIj ^^^^\ S ^ 
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(j^^W^I OLj^I jL-ipNLj Jli-Sll ^) iilp^l ^ 
(^Jb«j (oLp oJLpLSS'j .AilPjU ^ ^^#cJb Ujj JLlp c5„^4^ ^JbJI <AL»-yi 

ijkU- jJl t,,. ... 1 Oli 4Lla7... o H 4j>tL:>-^| ^ j t p-I ^laS) j^ylj>- 

"^l jjjij .(BoUay, 1937) ^ aj^Ij ^ X^Jcia bj^Jj^ ^Uai^^dJl 
oli iii^jil ^^LlP (_gj^;7 il-p- J^f^jl ijjlj 'J^-^ tJU- 4jI .j_,*-uJaj| 

(^^3j-gjJl *^JJ| ^./f^l tiJliJl iAb»-jji 

(Boing Stratoliner jJ^ y\ 2 ^LW I ^ j-S" ^ ^^Jb olS" 
iS ►Iij! IJla vl^Jb- J .j_^L-Vl d ^^AjJI i^JUl oli model 307) 
:(1992 pip) i3j^ pUj ijjl Ji* ^5juj»l. ^ vjjl^ jlj^ji 
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as' ^1 pbi] Ja\^ jsu* aUj^i aid ujlp .ijLu .a^Ji* a^^ jlp oUji 
i^iUy ] iJL>. 5^ aijji Jlp ai-kji ^15* J t aj j^>l>ji 

aJL^ ajj^ aiiPj j1 ^1 JiJl c^l jL:»>l ^1 JL2J J .[cJ.^7^»U 
jlm •Uf^l aid JLp ^jjXgfk f jlm luL^tj IJU . tUJ^I J«i ^ 

S ylkU (dorsal fin) aiipj aiL^L L>Uj ai<.t»!i tju^^^ jUH j 

.(Schairer, 1941) (13 _ 14 JSLsJl) oL>J*yi Ai^ ^Ja^ uA^^J ' ^ 

t^ip^ j_yi-Li>Ji ^_^^i^-qJi ^ <jL j^jt^ 

JL3 01^ GALCIT ^ 10» t^i^f^i J^i j^l^ t>» Ij-^ ^kji^^ 
CJ JL5J J Ol yUb t5JL?-l oljLli-Vl 5JL»-I j 

s yUftJi ji* jjI ^ s yUaJi jj 1 ^^sL.. s^;ji-^i aj^^^iftJi UlS^^s 

tDC-4 sylkil JLpj tl935 2:^^! Jjt ^ ^DC-B j:^ 

.1938 01^ Jjl Dl^ 

C- S^Lkil (John A. Harper) ^jU 0^^^ ^LS JLaJj .(14 _ 14 J5LiJl) JJcLiuo 
tDC-3 S jSlUj Mj^^SLuJl a>«--Jl J t t/sL^Vl ^1 ^!>L- SJUliJi 47B 
jaS jLju Uj ^jU JLiU J .1950 NACA ^^ ^ ol jLii-l 

JL?-t ^ ^yi aj>cjLJl J 5^^*fl*^l DC-3 a ylUl vijil ^ U-jj oL>eJ*Vl iii 

4i>Al ^j^l oJL* .i-JjjJL?- <5'y>tj |»J t jL^L ^ c p-l j^Lj j^t^S 
JLoijuj .Lxj Q"*^ ^ Jii7*. •)! i3 ^;j><-«Ji a,f>^ « ^U^l ojLfJI ( 
C)l c)l^ aIa ji-Ml J:>-1 cJLl» aJlp i-iIjA (^j3j aii JiS oIj jiiJ^ 

707 ol jSli» ^ jJL-LJI yli-d -l^'^fl aid Jiii ^ iiLSJI OlS" 
a-«^lj oL9*-l1j>- SJLpL-mu Ijj'^ aUtjMl aid cJLS" 

jLj^l <^ ^1 'J^j .aJL?-b <S^\ijijy\ cj\jj\yij (spring tabs) 
j»Jaj>«J ^ J taL>tjMl aid J-iS ^ XC-135 dji jJL djjiJl a ^Li» j_yJLp 

olyL^ aJLJLi ^ V^J^' olid Jbjjj |M (JJLIJL! as;*^ii£j .oL^mjMI aid 

.a^jjjLA Sjj3 aJuL KC-i3Sj 707 
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Hi OVU- .( Jj^yl) ^j^^t ^i^LPjilj (wJJiil ((J^^) (J^^l ij^ i^J^ id 

G. S. Schairer, Journal of Aerospace Science and : J— «) .al— a£*ifl JLiJlJ J— a-S i^js^j 

.(Technologies, May 1941 
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ao 10 0 10 ^ 10 



4^ j)3 a:* jk^\ Jl 4*A c«;>»A aS j DC-3. S ^Uall Jp ^jVI JiSlI 14 _ 14 J^l 

^ 4»jii) Ji2y ,19^^ 30 oip aijJJ o3 jj sju Jl J^jJ! JJ l>-\iA ij\ jPtj\ ol^rjd 

s-..,. » jLasi-VI j>« iJLJLJI dJU ftJL* Ju,*; ^ ^ <3V>Jl Ljljjj Jii* 

.(Assadourian and Harper, NACA TN 3088, 1953 : ja) iUilt S ^UJI ^I^iaI 
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JL9>t ^ ^jy:^ oL^ijI Aid ^^^^ <s»>L»Ji J\ oU^^L 

oUjlU Sj^I ^^^a^l 0^ iCj\SjS^\ SdJUl4 olyUail ^ iZj\S 

ijjtj olyLkJl ^ JjLlJLS'j JLp-j .k^^^ oljUajB ^ 

JJLUj olyllail jLjipLi ti?-^jJl ^ ij>ejL) 5iUA>» ^'y^' 

jl\ oli Lji^ti?-! 1-----^ iUfl-gJi ^jju^\ iJKJLj i-^U- 

^ L^jjLi 3^ j^ii s^^^i (SdUoJi) aJlji ^jyj 

^ 0>I>aiJl OjjL^I Jk«JL9 o^lxjo JLip (rolling) aj>-^jLII 

iid JiS ( Lfi ^ji-^ iiliCj ol yLkii oijLpj y Ol fj^^ 

ji>JSj CG-4A ^Ij Cj^J^ Oi^ cJliLJl JLp 

JJj tijij-ojJl LjjUil y ^ C)! oUjNI iijJ JiS XCG-13 
c-AjLpjJI C>>^JL>cJLu.»i JLfli t(_5j-5»-l i-j_:>- .LfJ t^jaJLpJ isL^J ^Jlj 

Flight Vehicle jljJaJl j>o 4-5'^! ^ Uai o ydl 8-14 

System Identificatioii from Flight Test 

cT*^ iS^M ^J*^^^ Cy J^^*^^ olilJLa ^l^jbA^J 0^ .^t^^iZll ^Uaj ^>«,>*,fl*)j 
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Oj^Jj i^iii.M i)llA c)L^ jl\ aJbk J5' ^ 

j! LLni olyllJl ^(f^ Ol^^Jftil jLi^l oULj ^ tS^fl7.., Jl 
JLp ^ J'^l ^»X>^I f Uaj ^, ...^7 Cj! dUS i>ij>Jl j .5^ S ^U* ^SUJ 

Early attempts at identifkatioii ^.d^^^ JjSl jU^l 1-8-14 

JL?-ljj tJb-lj dliliA tijpLf!! oLSsJLJl ^ 21 J\ ^ 

JLLP iJ ^1 n.^>.lJl ^jJ*-* IjIjj J*?-.^ (>»Jj . Cms ^1 Jl-iu" 

^U^-^fl oL^lJL. ^ ^ J-<^ oMjU^ 

^ Ji* i^UJl iiUJi -t^W-^lj 

. Ji*i-t Jl iviiLa a jSlkil 

Knob twisting ^bUI j^j JU 2-8-14 

o^b>«-u- JLp Jj ./t '>r n dUij t^^^-^-^ijj oljil iS'jJ- REAC »^j-u-L>Jl 

^«JUi ^ o^l:>ut JLp ajj. II syLkil olS*^ iZJj^j 

J^>^ JjL>-JLi ^^^it^ .(pen-type recorder records) 
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oL« jUlJI (resetting) j,a,/t1 SaUJ ^ ^^Sis>^ 

. (knob testing) ^b^Jl jjjJ^ IkUl j c-*jj?-23I 

jt J^yjJ'yi hj\JAj> As:-j^j^\ .Cj,p oUiJ*^! 

iJiufcj ^Clp ^ijl^l J^iU- o^J ^j'i^' ip^l 

Modern identificatioii methods 4L JbJl j/i^^,.f^T.ii 3 . 8 . 14 

^ dJLpj (L^LdJ jsLjJI (Calspan) OL^Vl^ 

^jltijjj (Kenneth W.Lliff) ^ OlS" JLiJj .JU«J| IIa 

oL*^ jJl ^j/>^-W J *J jjLiil J-L?- lil jj (Richard E. Maine) ^^^-^ 

.aJL>cl«Jl 

'^Ixi (Braunschweig) ^ DLR (^UiVl ^^Uaiil JLii 

. (Peter Hamel) J^Ij^ ^ jj^^^ tJU«-Ji (Jla ^ {j^^ 

jjjjiS'jLii iJLiftj A-,ajJJL( ^ (^JJI tl995 ^Ip ijju 4JI J-*^»jiII ^ L» 

.(1996 fU) W>» 183 (Jategaonkar) jlSojUuJL>-j J^^L* 

15 _ 14 JiLlJI .(Hamd and Jategaonkar, 1999) ,j,aiJLJI IJLa JUJLj^j 

.4^ ^1 ||Jaj JIp ci jAlil ^liaj js^y ^bJl jaJI 
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itCFDii 



liUU I -> 



5^ 



. (Hamel, RTO MP-1 1, 1999 : j^) a/J^I ^Ui: Jp oydl) i-UJ) 4i.>Jl 15 - 14 JSUJl 



I Ujjlzl] ^LJl iak^l 16 - 14 JSLjJI iJiA 



j^^L^i ^ij-ojJl ^ Jb»Jl JUjl?-|)) i-Ajj-U IjlJ? . (output error) 

tO*y^L>tJl ftJlA C^\j^ V^^' (^^^ .(^^-i'P i>«^' J-^l ^^1) SjSlkiJ 

(cost d to^UaJJ ^Jl*j*>UI ^^^L>cI]1j jljilw-*^! oLiJL-j 

J*>U- 4i:ujis_^l 4^LLJI oljUt:Lv-\l ^ Jj^l ^j-^-^ ^jW^ function) 
Igp^^l JL>J| JUji^I iij^ JU^I (Iliff) (wlJ ^a.>/? J Jii J .^^j 0^ 

:(16 _ 14 jSLijt ^1) Jb 

(cost idl^l jJ j^^-g-^j . (response error) lia:»u oLUii-Vl 

dl>Kj)f j.J>.HdrJI 4^3^l ^ ^JL>i1mJ^ .aJLa lia>JI AjUiiyiil . . . function) 

^LJI gi^uJI ^ 'Ub 
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(D. ^^;;«lJL3j c (W. Monnich) t jlf^jU-jU- ^ ^Jl^^I 4 1993 

4j^LJV| p-UajUI jSj^ LLi^^JaJl oJl* (B.Krag) j^j-S'j c Fischenberg) 
(M. jj\iJjAj ^ Ji' LpJL>ti^(j ^(Transal) JLJ(^ S^LkJl ^ tJjLULjjl^ 
S-«-*L>- (B. A. Seanor) jjJL-w-j 4(A. C.Paris) ^j-^jLj 4 R. Napolitano) 
F/A- JJ *JU ol ^LiaJl J U-206 S ^LkJ I Lijj^ y o«-u 

LiJbIji l)I^«Js» «^>>--j Jij^ (NASA) L-LJl j^La A% 
JL>J( JUjl>-I (Mary F. Schafer) ti^j t^ji^j u-* |»JL>ti*>.l 

.3/8 F-15 ^tApji JJji i)Lo S^Up ^Sj^j T-37B Lw«*w- Sj^lkJU 



— O 



T 



J j\ j3i2S^\ olauU j^^Vl ^1 JUia-l :Ui>J JLJ) iaWl 16 _ 14 jSLiJi 
Iliff, Journal of Guidance and '. jS) ^\j,JaJ\ jLjl«^I oULj ta^ jJ«JuJ.1 8 jSUaS} 

. (Counselling, September-October 1989 
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_ 14 J^LiJl ^ oj[J>\ ^ (J «ci jJj*^ 

"iS js^\ |»Uaj iWlI (j^^p*^ ^5^1 ^ iJliJl 0*>U-JU jl jtjiplj .16 

(1977) ^^JLa_^ jOJj .oljljiA^yiS" 4 (artifacts) oL-LiU 

Li>-j^! y^Lill oUajJI oljLi^ll ©Ji* ^^-Ij .BjLi^ 3211 ^ j^j 
BjLil DLR 3211 c.w>^w»I clj cl c2 c3 iJU^ ^LJlj 

.oLT^l JIp ci^l IjL*- J\J^\ pUiJ! 
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^ia- (inputs) o^JL. ^ X-3 1 A S ^UaJl Cma _j ^ ^1 jj--^ 17 _ 14 JXjJl 
.(Weisc, Journal of Aircraft, 1996 : j-) 2aUj ji*- ^-p) ^.ii:^ 
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^^^JtJ\ (Kalman filter) ^^j^ j^J^^ l>\ m mJLjlj 

4jI tiiUi .j^ijisJl i-—Lu« aJUp ^yrj Js-i^ ^l^imi-iV 

liiLUcj^ JJ Oji^^ hu>\^ ^ 1991 ^Ip 1983 ^y ^ ^^131 
J^>r Oj-*j J JJ t (Dennis J. Lines) ^j"^^ t (M. Srijayantha) 

.(Robert F.Stengel) 



^Ja^ ^ iJL-iJI 17 _ 14 JSLSJI .o^yUJI oJL* 

^(^o^ ^ OJ^bI^^^JI dllj ^ a^^iit^l oLjLJI fjifi- (j4il>BJ (J.s,AiLa 

(cross-A^jjJI oLfliJLJi J (rotary derivatives) L^\jjJ^\ cj\ 2? * * II 

jsIjJI yuVI ^jpj ^1 JSliJI ^JJI Jl- t derivatives) 

JL:>- J yui ijiJUJi Lf*J 0 j^ Qpj Qjj JJL> oLSl-lLjl oJlA Jp 

JL*l C)j^ t)l J*Is«Jl ^yj oLuojjIji- J-fcP Jj>-V aJU Oljjiiil 

^iJjjyJl tjjIjJa-^Ml j^y^ dj^J •t5j»-l oliJaj ^^Sf (^jUsaII 



oL^Ubji oI.ILt* 4AJLj AilJLJl UajSfl UJLLP (J^Uj 

.^jL^I (.^^jjJIjj ^j»JI J 4j».H'>i7...«1I JJLLr JlloJl JfM^ Jp i43jl\ 4JLP 

J 

.JjJjM/iiwII ol^A^I Jj^Jajj (j^jJl JL»B*]| 
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JaiLl J 4 Ji^l oULu i»UJl . Do 328 jaJi Sy'Uj Jp ^l-*^ I j 
.(Fischenberg and Jategaonkar, RTO MP-1 1, 1999 : ^^r*) £^^1 ^ ^ 



Extension to Nonlinearities and Unsteady Flow Regimes 

J^JaJLi %Li ^e^waj <-i ^ ^_^5CJLwJl ^^^^\ ^LiaJ jLo! ^ (analytical) 

Jpj ^^j_<»_?- J^^^-**H L5"'^ ^UaJ J^.«.J«-J LoJULP JaJJ 
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^iUJ jlI^ Jji— Jl ^iaioJl ^ ^j-Lil OUJL^ ^T^j^ 4>^*JJ 

JLLP 3l»Lj 4:>-JuJ (1-6 ^ialJl J ( y^UJi Jvu]|) ^S7...«ii ^ 

i-Jl^Vl .Do 328 ^jji /jULJLj^ JJjJl S^Ll? ^ 

ikiii iJUJt v^j-*^ j>» t^^i^' SJLp ^ (Fishenberg, 1999) 

Jiiii oLiLu (^JUit ^IjJ ^ 4^^iUJl oL>JJ 

alaJL a^^JLoJ ijjli- 4Jl5^l J*>y- JJ>j^\ Ji-it JLij J .iL^LJl t^i^i 

.(18 - 14 JSLtJl) i^juilil 

JjdL^I ^>J>i^l ^t— Jlililj ^jJa- fJi^J 

(airfoils) ^Lla-J p-I j^^/I i-iiL^o ^ jjj .jl oU^JLa ^ 
.(1993 ^Lp) (Covert) JJ SiUJI cilj^JI oli 

Lifting Body Stability and Control Ut jJl ^ U>-Vl fiiC^ ^ jl >i:u«l 9-14 

^ JLgj:«j i*.:;^! ^ oL^ ^1 (lifting bodies) ^1 pLj>-Sfl 
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t jJL»j*y <^j^ i^'^ lP-? ' lt^^ L-bJl ^_53 *y ji '^j^ 
^ SjLp 19 _ 14 JiLUl .(Reed, 1997) L-Ul jl ^1 j^y. ^ 

HL-10 c-jjjjjjJ /L^Lj 4^jXJI c 4-j^Sj_<»J ^L**^I J, ..i^tI oLp o Lo j-^j 
HL-10 lSjXl\ ^ oLu^^l Oj>L? U5 . (Heffley and Jewell, 1972) 
.X-33 d-^^Jl ^^^'^'\ i3 




TL<W.L.I09) 
FRL{W.L.IOO) 



Heffley and : y^) HL-10 y ^"^^ 1^ - 14 JX-iJl 

. (Jewell, NASA CR-2144,1972 



oJufc ^ '^^J 'OljtJl tU-^-jj Ia:>-^/j SJL>s1<J| oL^jJl 

cJ^y^^ IjtsA i5'^yi-L<Ji J^LL<Jl ^^^-^-^r oljLi5«-M! 
oljljiA^flj ^^^\ cJ^\^ ^ iJip ^1 oUVLj tU^l J^LfJl 

JUil ^ti^l ^y>-Sj^l ^i^l ^»-w->JI ^jjj^ -j^*^' c-M ilr" iv5»^^>«uJl 

.(9 ^JaUl c ^ j^llJl jMaiil) b>>-j^ 
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Safe Personal Airplanes 

4 « b; < 4J jL>^ J jt GSAC safe airplan competition (1926 - 1929) 
^ (^^^^.vo^l) 4..^>r.tili ol yLLJl OdUl^l ^;i:>^\ Jlid iliij .41^1 a yll> 

J^LKj L« ol ^LkJ I ^ ^iJLilil *-.~J Al^Vl 4. .z?-;, ol ^Lkil 

.ji.^LL«Jl fj^jttshuHi ijj^aSJt ^^a^j jl yCLjt\ oLi2j J«;laT o y^J 

The Gaggenheim Safe Aircraft 4lo^l S^lkU i^lf^jP 4^1lo 1-15 
Compitition 

^^jLa OljJaJLJ j^^-^Q^>6l-Jlj ^2^-.-.j>tUl tl926 ^y^l^\jiy>- ^ 

(Jl J^J^ 150000 ^«JLaj «iL«^fl S^lkil ;--Jli.o» (H. Guggenheim) ^S^jfi 
S ^Liaj Oj^Ij ^>o-» jJ^I j>» t^l ol J\lal\ j^/ J3 20000 

iSlJUT Olj^iail ^ ijiLiJl oL./i»r.tll OJL*L- JLSj Lljot ^! 

(R. W. Shroeder) jij^-i OlJLil^l ^Mjjfc cJL^ljLJi jlpI^ i^L-^ 
t (Alexander Klemin) ^^^^ jJUL-XJ! cjIj^^ j^I j t (R. H. Mayo) j 
(James JsJjij (E. E. Alderin) ji>JJl OL»j^l j t(G. M. Bellanca) 
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(G. (Anthony H.G.Fokkcr) jS ol^SlWl U.*-^j 4 H. Doolittle) 

(R.H.HiU) U^U-^j olyiyi ^iJiJl O^jUmJIj cM.BeUanca) 
JpL^ iilJUT 01^ jtj^^'j . (Edward p. Warner) ^jUj t (Charles Day) 
oLUal^l iLLi ipj-fcj>oo j_yip JUjVI ^ .OljJaJI OjJ-iJ ^^s**^! 

5^LU 15 o^,-AJ>- ijLjjJl .^-^^Sfl SjuinjuJI oL^^jJI ^ 
Cuu^Lm Jadi j^fi ii^jjjjjj ^ ( (Mitchd field) a^LlJI 
. 1929 ^Ip ol jLi-'yi Jby JJI ^yJl SUi 

(Curtiss Tanagcr) ^j^j^ (Handley Page) JjijU iS'yi 

oL^ j^lisJ J . (Theodore P. Wright) c*jI j i Ji3l Jjy L^aa^ 
tiuoLo^l (slats) oIjU» ^ (full-span flaps) ^Li>Jl ^l^^^l (JLp 

^ oUi J^U- ^ Ji**^ (lateral central) j^W^I ^S.>^\j 

. (floating ailerons) aaSIp j\ 

j^jJU syLi* op-Ij^j .(1-15 J^-lil) f>?^ <y (airloads) p-l^l 

Lji>»j toj-^oJuJI Lj-^ljjJj 035UJL1 ojli ^1 y>-\:j (close second) ^yVl 
^_^L>J| Lj-Q^Uciij t^pLJl Sl» 37 Jbj; yJl 

35 4pLajjl ^j«a9-LJri f^»^ ^ J^^' JaaJU AsL^ j (jb^^Jl 

.(f Ji* 300 Jj> Jbjj Uj* 

_ 1926 oI^lJU i-JLLJl L^-JLrjl jLSIjSI .a^^l 

SJL5Uj| JjJj .ol>L-JI dUj Jbujl Lf*.JLJ ^ ii^i 1969 
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. (Pendray, The Guggenheim Medalists, 1929-1963 : ja) ^ 
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Progress After Guggenheim ^ifS' ^ ImJIia Jbu J^U»I jjkJI 2-15 
Cwnpititioii 

: (Upson, 1942) JL Lu ij.Nl ^.a^i-Ul S ^IWI oIjiaI 

SiLd] v_JjLS>B j,.So^ aIsLalJ t jL>- jLwJjI ^ J^^jJt ^JLP tA3jil>o 4j3j 

. (cross country) 

OlS* tilJUkVl J-5>»jj .1942 |iU JjJUej tolJuVl J^A^cj" ^ Lfrj'j'Ai i|>>*j 

Early Safe Personal Air J^Vl 'kJi\ 4M/i';,,.fJj S^Uait j^^^-wi; 3-15 
plane Design 

Aeromarin-Klemm S jSlUI 

Ji J ( LJL«JI ^ La^I^^^lIa^iI (^jJ coJLlAjb jLl^I ^Jfi^y>■ e^LkJi aJLfi 0^ 

j>- JbJL>«j .iiUcj ji^tj i^^p^ jsl oli^ <J W=^^ 

Li J* c*l./T->- to'iLJudI oJLa J5 .|iLo^l JiiJI (^JU jhU^j tLjJ 

aL>Bj| LuJj»bj jJ^j 

jUfrJl J^JLJi JLj. SjdlS ^» JUj ^\ JSl jSfl 

. 1932 ^Lp j oLjytjJl 4jI^ ii4 ^ili^m^ 
Stout Sky Car SjSUdI 

OAjj .^Lj j,-ilj>*j j^^LU SJL?-lj cJLS'j 1 1931 ^Lp c. > • 

(yaw) ^1 yul iS" ^ ( 4:5- ^jJI j..1b7) Lf»l jlipj -t^^*^ J*^ ^ 
Jj....;:! (rudder) oL»mj^fl A3d a^I^ ajJI ^ 4:>>UJl 0 jJb ^jJI aL>«jLi 
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((tricycle landing gear) o^L>p Ajtj^\a IkJl aJL^J .ts^j^J^\ 
S^^i^ Stunt Sky Car c^[S (up-elevator travel) 4id 

WdckW-lA;^lU1 

jLi^l ^ SjLp a936 |iUj 1935 ^^^U sylkJl aJU iiJl^ 

^ JasJL! (steep descent) Jt^«^ JtH^^ *^J^ tJl U^J 

|iX>dJ (slot lip spoilers) ^iLiJl 4«^JL±uo ^Ij^ UajI oajJj .S^Ju^I J^JbJl 
t^iJl t (Robert T.Jones) ^^jj o^j^ U2-15 JSLlJl) ^j^W-^* 

Ujj! j^ip t^a 9 . /Ifl cSylkJl ^tXp^lU ^^ j^Tj i Ufr tljj^-luo LfLp- 

^ iiJl^ (spoiler ailerons) h>-y^A}\ 03 (Weick) ciLij 

3 JLii Stout Sky Car 0 U5j . iSJLxj dUi Ji>J j 4 Lf^JUfc J-i>«J 

.^l^^fl c-J^ ^Ij^L ^^,^\ 

GwmnAircar S^UaJlj Stearman-Hammond Y S^Uail 

d^j .WeickW-lA syliaJl oU-^l^ OLryLiaii Olj'ljk i^L^o-L^ 
(Department of l jl>^\ Sjljj Lg-^j fj^\ ii^Vl S ^LkJl i-w^Luu jU Ji Y 
L^JL^Ii Ol^j tiJLjl (rudder) aj^ j^j^i S^QaJLJ ^ .Commerce) 

310 ERGO model 310 ERGO S^Udl 

ol^Oail J5lj! ^ t (Fred Weick) dLj Jb^ S^OJI cJl^ JL5j 

.(3-15 1940 ^ "pIjUjI cv::^! aJ^\ 

S^liJl JLp (US-CAA) d\ji^\ <^ i:J;AL^ J^j -V^* 

c^JlJI ilUJU (ju^vAi^-j (characteristically incapable of spinning) 
(oIpL> 5 oIpL> 8 ^ (solo) dyi:ja Olj^^ Jj^^o^JJ a^J^I (dual) 
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(Private Certificate) jLU 5jU>l ^ J_^vi>JlJ p*>Ul 

.apU 25 J\ ipU 35 




ol^U» Ji^ ^ ^U! Ojj-^ 4 1935 W-1 A S 2 _ 15 JiU)l 
ILidi' J^-^l^j t^LJLl^L J^ti' J*oL!>LSojXJ.IS^UJlaj^ .NACA 
Wetek, i^o/n : j^) ^^^iJU^j ^aapUaa Irl^LSj (S^jl^ ^j^>'a^ ^ ^ ^ao^jp-^ 

Xthe Ground Up, 19SS 

V ( (wiLkJl ^1 (yoke) i-s^-JJl i>> ii>«^ JLip 
«■^^ (j\ i ^ (aileron) o»- ^jJl iii ^jO j-^ 

.Aiiu ^^;>Jt Hjj is *S ^ ^ ^ 

a*:>-jIj (cross wind) i:>-jJuJl ^^J^ ^^'j e^SUaJl eJl^^ Ja>Jl 
.Lm^I jLUl 6l ijif*^j (relative wind) eljf^lj S 

.(ground roll) S^LkJI ^,-j5i«j S^LiJI 4i« ^ 
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Weick, From the Ground : ^) glUj JjU 4 ERCO 1940 S^^lkil 3-15 

XUp, 1988 



1966j 1948 ^^Lp ^ NASAj NACA oljLjL^i ii-JL- 4-15 
1948 and 1966 NACA and NASA Test Series 

X^UJI 4A;..,fl.» 11 (Robert Gilruth) d^j^^JL^ o^jj oLlk;.^ c>>«ii JLiJ 
ilL«* JL^ %rj^i^ Ji^l *li41 jiUi ji^l 

oLu-LJ Jjl (Paul Hunter) yiJLjk Jj-| JLaJ tl948 ^.U .iLi^Vl syLkJl 
tiUj ^ . (personally - owned) i-^UJl iLSLUJl ol^^Us ,_yJLp d)!^^ ^y>\ 
(Barber, Jones, Sisk, and ii-uLkil oi ^UaJl OljJf 03^^ i-^U- iLJU iL^Lu 

.Haise, 

^ iJiJa*: Ji^lj t j^] 1966 ^ o^y-::^! oljJliaJl cJl^ 

(Beech Mmmm) jJl U ylt cJlS' jJi *) j>^\ oljS 51^-0 j 4 ^ j>,^^ 
4^jU^ ^ ^tjjj . (Cessena Skylane RO) ^^l^ (V 
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Ol ^yi^ LflL 4i yu> OJlUl oULJl ^ ^ * (>*J^' LF^ NASA 



hp. ft 



2600 



2400 
20 



^- y> 



20 



Li /^^j 0 



10 
40 



no 



90 



knots 



20 



20 



40 

■5 10 







11 








































16 
(, sec 



24 



32 



i ^Mi- Ja^\ ^ jJd h jjb ^ j\2S |ilkJ (^>)l iaia^l 4-15 JXjL)I 

Barber, Jones, : j-.) ^L- jUil j LJ fjj , c^U^I c^l^- "^1 ' •W^'^l 

.(Sisk, and Haise, NASA TN D-3726, 1966 
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LtSj .4jJL9- ^Sfl IjUa2]Lj LuLS A^ymf K(trim change) ^..ji* ^ 

jl ^^fl 01^ ^ (iiJWl J^l) DC-3j ^^LSv utHV^' ty 

tA^jjLjJail l^L,ft>»j oVL>«j8 ^jjt.^ Ol ^UaJl oJLa jj^aju I j-^L?- ^ Ji 

.aJLp i]^p*j> SjJlSj tJ-L-il oLj^Uil J ^ J^^J 

0 ji (downsprings) 4-JLi-u- ^^^1 jJ j (bobweights) iJjl JLLJI o^ij 
(stick-fixed UojJl c*-«iij ajjI j;;i*-»>«j 0 jJU oVUJi jl ^^ii*-! 

(Dutch roll damping) ajJuJj^I -L^^jJI dUi-J JJLiJ O^i tdUJLf stability) 
.(4-15 JSLiJl) :u>MiJl ^I^Sfl ilJbJI oLjLi. ^ jli 

: 4Li (Barber) ^jL 

^LkJl ,;^U {^J^-S (lateral - directional trim changes) 

(J^ J* jU-Jl ^Jl *>■ j^-A cy.. . 1 S jJLS ^ Ja*jA SiL^l 

^LbJL) (full right rudder) .UjVI iii J-IS" ^\JS^\ jLJiJI 

4»>1 y S ^UaJI Ja>^ U oU^l aid SjS OiL^ ^ SjJk2JI iiil^ 

f Jli 1200 Jl 600 ^ U Jl spin JL4JI :Ub« 5 ^UaJI l£ 

^\jJc^\ c^JM\ cAySSi ciJU jUUj .dU ^Vlj a^JUJJ ^USjVI ^ 

jL^jVI lJU a^JUJ aijy*^! i^ju^ c.L!>Uii jl 

i£ j>- j'j^ I ^UiJi U .iiiLiiJi aJUJi Jl Jl J 

^UjlJI ^1 ^'^l JLip (rapid left roll off) jU^l Jl iitU- 

Jl a*- >>-Juii ai"^ ^'iij J1>»1j fciijj>^ 

Cn^l 70 Jl 60 ^ JSl J l^Uii ^.x^ jUJI 

a^l^Jl 4il jjd S ^ ^ jW^^ ^^JiSj Ujulp f-l j^Vl lJu jL* 
^JUJI JLp ^jm^\ aJLkljt jjb^J c,J-:^*J i> ^ 
^ jUi^l Jl C)l 0^ JLjj IjU . (overshooting the runway) 
jL^Vl (^^^^ (attended roll ofi) U j./iS* 2:;- 
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f Ji 300 j] 200 (nearly inverted attitude) w» ^^iJLi 

?FAA a.ibw'^l cl^l SjliJ JJ ^ cl^l L>-%^^ 

Control Friction A^yhUaJl 4J hj jii^S^M j SdUJl 5-15 
and Apparent Spiral Instability 

(bank angel) tilkjul ajj\j ^ Lj jjL?~ I S ylUl LbJLip 
Ol^^l Lf-i^ ^liij 3^^*!*-. c (wing level flight) ^^^1 Ol^^l 

Oj-SCj .Lj>j^ ^"^UcVI ^ t^tH^? 20 (amplitude) ot-wJl 

(Ralph O^^l J »-jlJLAl j^<>M d tdUiJ 

j»./g:T *y jl 41>bVI L./2i^\ a yLiaJL i^UJt J 1942 ^ Upson) 

iJ^I VFR j^S^I Ol^l SJpl* ol ylUJ FAR J\jJ^\ 

fiJub CjjJLjj .01 jjJlJI oI^3-J Jjlji^ ^^^^ V91.205 

j^aiVl Ol ift-jj J^'-* y ^ ia-^elj (_$JLil jLWll *^ Sj^Vl 

It 

OI^LkiJl jjj^ ^JU.^ 4JL>cJi aJlA J •W'jJ^^ ^ jjalju>,ja o ^LLJl ^ ^ 

iiULjkj V jjl?- J ^JJI ^ (freeing controls) 

jLkU <^ ^ ^ LJ Jji^ S jfl7...< ji..^'>imil a yUaJl Jjur t.^»llfl7jt 

ol OjJLi 4^^^ I l^ ol t (solo pilot) 5^ JjSf byiiji ^^JLIl ojJLi^l 

.A^jUJl ^ 4miIj »3jl Cdlkjul Jij 4j Js^ 
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iJL^JLj-l ^w-:—^ 4 (rudder and ailerons) ^^jJlj oUi ^^^^ 

. (control friction) (Campbell, Hunter, Hews and Whitten, 1952) oliLj—a—II 

(_JLjtiU <j LjS" jA ^UaJ NACA ^^^Ij ^*-<w tt^j ^^jt 




.190 h , „.> S ylklt ^JJI iiiSj^^^^^i^l p ,n „r7Til5-15jJLLll 

. (Campbell, Hunter, Hewes, and Whitten, NACA Rept., 1092, 1952 



431 



J^-la iiLk- iJbSlj JLp dUllAj 

JjLLi Lj-)ii3 ^ (j<^^ ^yl^ J»LSij| aaI^ aajj .1^ a,^?;* ^ 

Wit .^11 i>e-j:i]Lj tiylJL^I J!»liiJ*yi oUJL?" «-iL^^ OjJb 4j|^^i2^Vl i»A-jJL 

Jjjjj ^ Cessna 190 syliail o-^jJI «dj oUJ'yi «Jb ^,^^1 ^^^UiJ ^ 
Jbjjjj ( ■/» ^jSL^^ jyjjt^ (rudder tiim) bL>.jMI la. .^i^ Ojl^ 
(solenoids) ijiU- oLLL J-*juj * (Jack screw) Ojij>^ <j>-^JLil <id 

.(5-15 JSIUI) (preload devices) UL- iU>«JI oljiSfl jt Jajj Jp 

4id Su^A a j^LkJl JLpI ( ol jaSII aJL* IjS jjt 0 jJLij 

JlilJ 1 Cessna 190 o ^Lkll ^ iL/>li-Jl iljJLpJl jl ^27, ..I JLSi ^1 
oliLiil Mils' (rudder kick) oUtj*^! iii j Jbu cliiLftj . J^^j«XJl 

^ingLevelers a^Vl Cil2i>o 6 - 15 

JL»-I J jLJ» (wing levder) ^LijyJl J^J^ c)l 



jt (i^f jj*^fl (general aviation) i^lxJl oJL>Jl ol jSLi» 
djs:- ojj^ i>-^jj| S^y OLSj . (spiral divergence) JjjJLpJI 
I;,...,. S^OJI JLp v^^Ij 1952 NACA (John Campbell) J^l^ 
^Li^JLi ^ij:?- 'J^'J^ NACA ^liaij SJp JLju 4iyi*#mj ^ Jlj 190 

. (Phillips, kuchnd and Whittcn, 1957) t (wing leveler) 

((aileron trimmer) ^jJI l?..^ Ojl ^ ^ ojL^ ^rW^ ft^-*^ 
4id la. mJaD ^ ((JjLJI 4^^Jl!I Jl liLs^ 

^1 jjuNl Jjbui o j^^jj^ ^r'^ ^ ^t«la I 4^ J— I JjLm^ j^jJl 

1.5 pj^l ia--,a3l cJjIj- Jij .(6-15 JSLiJi) (yaw rate gyro) 

.S^Ilo jJp- 4jJLJ^I A5»-^jj| 4Jlij| 
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j^Ly-jJ j\ j\ ( fcJLkiu'yi 4-*-^ J jji (wheel-free recovery) SiLHl 
iiJii-l NACA SaLS 01 (1998) ^^-JLi Jl53 .4Jjj^JL>Jl 

fj9uL^ 01* ^jJLpj 4 Jjjti«Jl <^J'^ ^Ir^j Jy,r*^ *^a«t.^ 

.^IkJi I jj^li ^Sfl jLiaJl J ^i^Ji 5 ^liiil 

cUjL jj-*.*JLaJ 4j>«jl?-VI oLSij^ ^ L>t-*J 0^ cIJia 

o!jLj (Century Flight System Inc.) SajJLx-Jl d i*iaj! 
cJUtfiJl ^ ( Edo- Air Mitchell c >*r . ,/>] ((Mitchell) J^tJLui ^t-^ilj UjljJLa 
wingleveler) JjSlI o*i:>-Sfl Ji^ i::*j>.iJI (Century) ^. ./it! 

^^j.,^^^ C'^^^' t^i^ f^-^ tj^-oJl ^ 4^..t ^liaiil lJuj . (Century 1 

JjLjub J— • y J oljLtL JaJ>b ^ J i 190 ll-^ a yliajl ^^J^ <^ 

. (aileron servo) i>-^JLil as5 ^j>o9 (yaw rate gyro) ^1^*^! 

Course eU^jl S^j^) CDI j\ oLiLkjtJI S^LJ ^^^JLp I jJLiJl OJ 

c VOR (VHF Omni - Directional Range) J-^*^ (Direction Indicator- 

^j-gJl dJL«j t (Instrument Landing System) Jg j . ^ M ^^^^1 ^iLlajJI ILSj 
^Uftj *.jL-^lj 4 (GPS) t^LjJi t/'-^*^' t*-^' JbJb^j ^Uaj jt (Localiser) 
..k»^ jLU Century 1 ^Uaj ^ Jac»- (tracking) 

The Role of Displays (c^UUJI) ^ ^1 JSU^ jj5 7-15 

UjLjlpLj ^lijjJl oUi^jDj t (control centering devices) Sji"^! j,-^j>*j 
OL.Sfl jj-AiJi 4^jt Oli til-'^l olylUJ V-^^* J>-^l 

(Loschke, Barber S^L^jl a oLiLi AiL^L LfL JbJ 
4jJ-j^ jt ^JLo 4_*tLJ- ^jj>'j f-*^J-* j-^i . Envoldson and McMury, 1974) 
J^U- tijjj>t-gJl i-JLu a^LkU ij^^ijtj) oiiijB (flight director) Ql^^la!! 
jLiaii c-jCLqJ| J-*3«JI jU j]e»,/n» js^- ^ t(ILS) LJT *— ' 

O^U-JLa ^|tJ^J <^JLII 01 jJaJl jjJ^ jLp> 0^ ((i .oldlJbJl aJL^ 
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JLp ^^.iJLJI ^jLJ\ J-^l ^ jjl tobLiJl i3^. 

(ILS) j^Vl V ^ Lf^* LF* oi::...^l 

. JjSfl jLkil ii^ ^Ijt 

p-l jJL8» La j^j-i ol'.^ ...>il:l1L; UajI 4-JLjc« Ai-gJj-«Jl 4 fl, la )Sfl oli ajLIiJI 

^ Lo (1944 ^Ip) ^^yj^ (William M. Ferree) 

757 ^JijJl ^lixil UU A^lj cLLp 20 li ^i*^ I^Lt ilJLi' 

jLkll 4J jJ^j ^<^,M^ c^t^.,.;i^7.tL ^UUI »til1 Lib Ujl ^1 

SJLp t5 767 J 757 SaLi ^^-^ Aiia^^Uj (Ferree) tjjJ jni.^ 

(general ^UJl ^iJi^'yi ol ^11? ^^ aip ajjUijJI ol ^LkJl ^^ ajJL?- 

.j^'Sfl jLWJI J iOlj*WI ^JLiU Sj^^f-L jL^i UJ U**- *y aviation) 

jjlS* ^ ^ ^JtfUtf 4aj3^I J aJL^I J Ajliiil ajjUbiII ol ^ilail JJULqJT ^ jJl J 

JJliJI JIji Li J . JkiJI t^Lj:^:^! OU-^ ^ gjl JU> UJiiSl 

.mJU^J 4jL»^ oldl JLfJl ^ ^JL^li^ ^j^^ jl ^1 oblJLp ^ 
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i>. J^J^\ i3A 3^5' jA jll^j>- j!5U ^ ^JJ^\ ^^Vl ^bi-l ^Uaj 6-15 j5LsJI 
0 j» ^\ ji .Oiliil ob^^ ^jl>ll ap^^mJL) 4jb»Bl».«VL Aljlj I^a^bIa Ifij^ JUlp 

.(Phillips, Kuehnel, and Whitten, NACA Kept. 1304, 1957 



Lai! bIJLP tbjjw 707 ^ frIJLLjl 4AjjU^I oI ^Us ^^^.^^ jl 

^j^j*^ (vacuum - driven gyro horizon) A j^Lj IiL*» LujiLu- j^L>- L-pLi-^ 

. (gyro's rotor inertia) ^ j j->Jl 
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S>jlis^\ jiJ» (WyattCook) oLj jSjuj .ajpIoSj jLkJl 5^LiL» 

ILSj VOR oljLiL tfUJi oULJL aL^ ^\ ^JJ^ ^ Jb-lj 
Oi oL, jLkil Jiilj (WilUam H.Cook) ^ jS ^Uj .iJ^fjijl ^j^.^i^l 

.I^SUp cJLkJ |lLS,VOR] V-L-^* 

Inappropriate StaUUty Augmentation ^T^) j\ JkiJ)i\ 8Jbl>« 8-15 

ajjIj JLL-«J*ii (stability augmentation) j\ jJai^')l\ SSJuIjjd cJl^ 
i-SLjJ »-^L-»Sf iJlp olpLtjjL jAu ^\ ol I (yaw damping) 

t>.*.«ii;77 4jjIjiaVI 4jJlJ^^I JL^^.^ .LfJui ^ (^L.«jl9> 

i_jJL Uuj dUi^ ^^Ij .LjLi 35 Jbjj ^1 yUJi oULL-j^/l 

(stabilizing surfaces) j( ^Si^^fi ^\ ol y UaJI j 

jl jl jiLu-L Lajljj^ ( (stealth) ^_yi>tiil c^JL?- j! 

^L_*JI ^iJL^ii^jL-u-^yi olj_sLU ^ (static longitudinal stability augmenters) 
dl U .1. < ( 4la...»i (downsprings) aJLL^ ^^^1 AiU^| ^ ^^j>c^ Jbut 

PA-31TPiper syQaJl ^ jl^^*^! JU^ ^LiiJ i,AL^\ o(i ^^r-j 
(_$JLo jiJj ^j^yJLi-- <j<<ajL; L-L-1 ^LiaJli . Cheycnnes mJLJL- ^ 

(angle of attack ^^^^^^1 iii^ 1 o ^ a-^jLJ yS^j ^l->l 
oJL* JjJ J . (bobweight) 0 jl ^ JiJ o ^^Jai-JI J*p J-«^jj * y jst*^ j vane) 
JiSi tpiper* jsJLi Cheyenne 5^1^ *iJJj^ oIj^^^JI 

t.^^ La it^JsA U^ttj (SjJ3 Cheyenne iiy^j (Navajo ^^»^Jlj SjJi 
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J^l d iiji jA SiLpJ J*] J . Jiiil j$ jA ^ly; Jviij J^LL- 

Unusual Aerodynamic L^LiP*^) ^ iXyobj^^^^lt oLjj:Jl 9 — 15 
Arrangments 



-Vlj (canards) ol jliSJl JiLo i^SLolLiij^^l oLj^^S^I ^^^^ 
jl ^jl5lJI ^"^I k-JJLJIj (floasting main wings) (Regis, 1995) iilkJl V-^^' 
(V(vee-tail) tJ^j»JI v^JJIj ((fore and aft horizontal tail) ^IjuJI 

AjAjJI^mJ dlidj ji..^'>i Mill SyUail ^1 I. » ^ iu^\^ jUa^t (4.^Jl!| ^IJjuIj 

^ o^JuCJt oVUt^ ol J^^' i>^J c (prototype testing) 

V lJ^L t Beech Model 35 S^liail 

^1^1 J-sfli]| ^ t (abrupt noseover) S^JlUI 

.^^-1* gLJI J-s^l 

AjjLLa J-^1 ^ y ki^^i^s ol jSLkii ^ jLiscii oii^^ oi 

JijjU^ Ifi 4j^^SL.^I jbiCjl ol2j.;la7^ .Ji.,./i>r.t,li ol jSLkjL 

^ JjJbJl ^Uj>mj igj^ Aj^^L^\ jll^t otflii.lft?* .4 II mil ol jSUaJL 
oJu JL> M UJ tj^^j^^l jl^;ii«il J^ilj^j t^nr?^' <3^' J^^' 

.ij,,ai^i ol ^ikii ,3**-^ itU>ji 

BlindrHying j j\ ^ ^^^\ jl^^l Cl^UkL. 10 - 15 

Demands on StaUlity and Control 

^ ^ iJLjtLu-Ml *j 01 jjfc j^j**Sfl 01 ^;iJ*^l 

^j--J (Js^t SjLjuj .(horizon) Ji^ifl ^j^j-s^-icJl ^jJLpj t Sjj ..^ 3 » II 

6^ ^ oi^«ui **3^ s yUaJi jjcf^- 0! ,>5Uj J dULiA 
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JlSLi! Jb^I Jj^ iUlP^fl jLiail J^j .cJ^j p*vis]| 
jt oblJLiJl A^jl ^ jW?^ W ^'^J •ft^^'^^ J^lil^-^ j2»Jl 

ijjl jkLM\'^\ ol^b (instnmicntations) olilJL*il aj^UJI j 
sylkJl ^ 4:;-^jJI iia SdlJ jt t (spiral instability) 4Jjjl»JI 

g^JL^JI 2^*^' (special disorientation) ^^j-JI ^ji^^-iiil ^ ^;^SUjj..k53 
oLq ^^JLw JJi JLij .olilJLiJl J 5>f:rVl ^1 J^iU- ^y tjf^r^' 

4JLwJ (FAA's AeronauticalInformationManualI999 4: ... 1 FAA J Ol^^-^l 
t(CorioHs) ^^^^j^ JJLo LJI^ L,^^ UlJLJ- 14 ^ Jij *y L. (1999) 
4. »iJi ^iUbj^lj t (graveyard-Spin) c,^ » .» .H ^^^jjJL^iJl jl . ^ i^fl j 

. (inversion illusion) iu-^^*Jlj t somatogravic 

Needle, ball, and airspeed ap^Ij I /S\ 1-10-15 

JIpI^ (USAFR) ASjJi\ ^\jJJ^\ oU-liJ 

^^^bJl IJla JJ ^1 h\jAp d jjt^^ I S ^1 o^-j^^l "^1 * 1929 
(gyroscopic rate-of-tum indicator) f^^j^ j 01 jjJ^I Jji*>» ^|JicLy-L 
IJuk (Elmer sperry, Jr.) j***- Jt* (>> 1920 ^ ^^JJI 

jJ^y jUft3l jjJj 4-^ yuj ^ yuNi Jjjw ^ jU^' 

(turn and slip «J*ifjJ*Vlj OIjjJlJI j-ij^* » • II jLj-»JI » 
j^L^ Jjffcji-«-S' J-«-*j ^ ^_^L>-3 i_j J-p-li ^ 1 „^ tf ; a 0 ^ indicator) 
. (sideslip indicator) S^^^ j^y j' Gateral accelerometer) 
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4^JL2j ,„y^ iJuSyu^\ iftAJ JL^iwli Afij^\ ^IJLPj ^Ij^L ^^^^\ 

.(aiispecd) ij^l ip^lj t(baU) 5^1 j t (needle) 5^)fLj ^^Sfl Ol^l 
J":^ S ^IWL JiiU (Charles Lindbergh) ^ JiJ j3 jLiJ ^Jbj 

(tilted-axis) JsUJI j^^i^l JSLt aLj^JI 4ii>JI ol^LUl ^Ji».i^ 
<^JlJI j^^-ej>Jl ^*^JL-«> ^-N- Jt-*^ LojLijti .<i*Vjj^flj OIjjJlJI j-ij^ 
iSJLiii <J1 30 syU2JLl i^^l j>^>-^l ^ '-^^Jk 

LoJLlP J .^1 hj^^^ jt> ^Ivi* Oljj'Aii ^1^1 ip^^l jLf>til <.r*i^ 

yjj UjLIp t^lyu^ ^jlj^i ip^;-JI OIjjJLI] ip^^l OljjJLiI Ijlj 

jW^j JsLJI jl^ jjpJdj .Oljj^l jjiWJl 

. (turn coordinator) OljjjJl J—i- J*^JJ*^tj OljjJ^I 

US Fedral Aviation ^^^Vl ^^IjJLjJJI Qi^.iali oU-JLjtj t^JlkUj 
(private-pilot certificate) t^^^^^i^o^ _ jLJ»> SjL>>^ <^L»JI Regulations 
SylWL Jl* SjJi jL^l ^iJLiLJl ^ (E ^j^jJl 61 S^l) 

JiVl ^J^j ill-oJuJlj t^JiJLaiJi 0}^] ^ bUipl 

V j^jjLkil ^^Vjjb JUJbJl oIj UJLp t^UiJVl j^UJlj 

(FAA recreational pilot FAA Sil^ ijiiw jJ> 

.(D t^^i ^J^-ii 5^i) certificate) 

jLJaJlj i^UuVl j^r^lj ^,^^,H^i jiVl 2 _ 10 _ 15 
Artificial horizon, directional gyro, and aontopilot 

(Jimmy Do olittle) Ji^Jji ^ <J^^^ ls^'^^^ ^ 

cJl5 . 1929 ^Lp ^..7,,./JjJLi! ^ t Consolidated NY-2 S ^UaJl ^ 

J^J .^W^*^* JjCrTJ '(J*^l JJf^ Oi-^^-*^ SyUail 

pLsAi 1^*-**^* tJL* Ji*J Sjiji iJL^p j^j^jj-jfJl j^Ia 

.'LSt Slit : JU-:r (•) 
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tJLjftijj .5>§jrSfl ol^lj ^ ^^r-^l OIjjJl!! ^.jlu .S yLkil OIjja 

.oblJbJl 

jjJLp 5JUJL«,Ji iJUajJl <j»-^5UJl <±jJL>Jl ol jj UtII IJL* 

j^y^lj ^:./7ll jibU L^UL^I LW; t(GPS) ^^A^l ^j-JI JUJ^^ 

SSngle-PilotlFR d >Lo jLLi IFR ^^1 C^\jJai\ oLUp «^b1 11 - 15 
Operation 

Lsl^l Uki iiu iaSi o*y^l bUspl J-ISUI i^jLET JLii? 01 

JbJbJl Jbu (instrument rating) ^Sfl OIj^^Lj ^^jj^ OjjLkJii .U^ 

Qlj . la il J'^U- i-u-jLg-«Jlj t (ground school) t^r^j^' v^'^' oLpL- 
^^-Jj J tflJL>tL«Jl .4>;«^< ^j^j ^tr^j^ 'cf'^-*-*^^ 

(instrument jt^jjIjU-J JLiJL>»j tj^*^! Olj-WLj j;;jjL>mJI aj^^I i»^jk>Jl 

f LjUI ii"^ 0^ VJ*^ C:* ' -rfr-^' ratings) 

(under ^ijia (.-^jJ^ ^LS* oLpLi SjlJ 01 ^^JaJL jt (j^a>«i3 
(instrument oNV( ^iJUi^jL^-i^f 4_!Lj>JLb s-ijj-t cu^^ j! c the hood) 

S^^ijijl dUj oLjjlij Ai^ JLi:J Ufljlj t weather conditions) 

J* ^jJaiJl jjU* ty»JLijj .J ^j*JuJl ijjL* jt-^j^La^ j^Lj ( iLu- 

.J^l Ol^^^laii SL^JD i.j*j>^ tO^LUl (liCfl^jj (^JL3 18000 ^ Jbjj 
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10000 J* Jij oUlij-jL ^ ^^^1 Ol^l ila^ ^Jil: FAA ^^IjJLijl 

^j^lj t^p^^lj toUnjNl olilJLf^ oUty ^ J^^-*^ -j^^^^ J^^^^' 

(4jLLl» oLpLljjI ^ oj^LkJl jL«u> ^ (intersections) oLcULlJI Jjj^ 
•jj^J oljSUst) jj^l ^j^j w^J* o'SL^j 

^ M. 4. M. ^ ^ LJLi> J J it .t. a ^ilj J-^ cr^' oLg-JLstiil j jLL-oJI 
(knee pad) jZ^i JLp Lj_>t-Jj LajI^^ ^^^^^ 1^"; Jij coLpI » ...li 

oIp-I^I Ol» (^^^ ^i^^ .oIjIScjI U aJL>«j Loj j. 27. ..oil jlS JIjj 
(Ai3L^ S^L^I SdU ^ (checklists) J^t^J^I ^ j*j ^ 

Sdjj»o <^UJlj (NASA J iJlldl Oljt^l oljLi9>l aJLJL* jlp^ <J>^. 
^Ijl;.i^Li otjb ol^Uail cJl^ (1966 (4^UJl syLkJl 

.JLj>.j jL1> 4k^l^ UIp (^lijdl (ILS) oLjU; oIJ:j4j>J 

oJL>- J (trim systems) k . II oU j( 4-«JajV ^^yl— ^ ^ o ./ttH j 
. JLp-j jLip aiLi jSf I -IK-Iuo Jl ( 1966 NASA oljLii-l 

oLjjLLij 4 la ; 7 (pilot workload) jLJaJl p-c-^p oL.-Ij:> o!jb 
oL-l jJiil Ol .ILS ^1 4J Ijb ^s^\ cJ^I j^-^ jjSfl 01^1 

(Syrj j*^ JUipl (Oj^^^ 4jwljf- mf.^^ ji.^^^Lun'yi Sjjljiifl 

.(Bar-Gill and Stengel, 1968) ((distraction) dL^)! 
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(glide slope) ^y^l ytJl jlJL^^fi a1jiju> Jaj| JS «!iU dUli* Ol 

. la.i.^!i Ojlj^ olkdytf^j ( jl^^2:Litf^fl ^J^»J ^ (4jj>J| p-Uav-tj 

^ aLJ} ^ Ijjd (.^.uiJLj (poor flying qualities) ILju^\ 

OljJail ^^M^J j*^^ SJjJLJ^ <-jj^ ('J^J J^s^ l5^^^ 

JLlp- j jl.L) i» ♦^^^ LoJUai J .Si jJLs^jo a jJLIj j ( 

n^spects for Safe Airci^ai^Tl^^^ C^UUdl 12-15 

OjJb .(kit built) 4j«-«..j>t^ ^iai Ljlj ol^UaJl p-LLj ^l^^l IJL* 

.ifcjjjiil iijL>eill ^♦-uoLsfliil ^1 *-jU^ ^^5Lu-*yi ^^^^-i iytr*^ 

Jjj .i-,nSLJl jt op-j-dSUl ^ ^jjJLsJl jL^Nl ib^^l oU-*. iiL^^L 

tFAA j^^ijjLiiii 01^1 Sjidj ^ js> ;ijUJi ajA oyLiii 

SJL9«:uJl oL^if jJl J Si jjk J-J jj) in-Lj^Jl ol y UaJl JjfcliJ t SaLp j 
SjbJ oUJLsJ ^ 21 JiJl (experimental) X^^js^ ol yLkS* a-lS'^VI 

^js-^lyoj ^UJI 23 JLiJl Sliii^ 0^ * Jb-^l '^'^ri^* 

iiSU ol yliail ^ JbJL?- ^Jc^ ^3;^7...tj . (airworthiness provisions) Olj^iail 
olyll* 01 .23 S^l ^ L^j] (103 JLiJI) (ultralight vehicles) o>JI 

fUiJ (Visual Flight Rules) tVFR Jlj tL^-^VFR ol^li» 103 JLiJl 
Afij[3 j^fcj Ljjjj Jbjj *y ol t>rdJ -^t*^ -^J o*-^ J Ji^' 

OJj tSJJLo 24 LfSl^l jj^^>^ N Olj JjUjIj 254 JLp 

.SJip 55 Jij Lfi 

SJbJL>Jl ^Lvi^^l ol yLkJl f^^Uali i^jk-^l ^llJ*^l J S^^j^iil JjJ 
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(computer-aided yj^^^^iOl SjlpL^ ^»,*.,tf7il ^ LlSLqj^ ^Sfl IJL* Jju>.j 

.(JJI^I) J^^' (>• as-'iUlj t designs) 

SLlJ ^jlamj (^UJl 4plli^ U-bu* aXjut L> JjlllJl J ^ii^l 

^cjji: (i»JL2Ljl syLiaJi o*iLI>j) « Advanced Aircraft Analysis* j^*--^ ^j?^^ 

iiLs^^flj t jl ^^iLw-^ <*5^LJ| t-^jJl ^j^^ »-jLi*j>- ^2rdj^*" ■•■^■^ 

iiiai«J) IJLa . (Frederick Smetana) Ul?;« •^^k;'*^ 
Aircraft Performance, ; n « li (Perkins and Hage) j^Laj J-^-^^ i-jLiXJ 
.i^,.S:>.:Jlj tSyllJI #.1311 jl Stabaity and Control 



.LJj^l^ ojjijb-. Siji^j*]| Desktop Aeronotics Company 
oUlIx ^ aLoIS' 4p_^*^ '^j^ (LinAirPro* Ls>^jJ\ ^^i^ 

Sj^JLJI ilWsS (m^who^uIJI oIjj j^^^aSCU 4.^.^.^7)1 ^1^1 ^ 

.J., 2:. wall ^ ^jW*^ 42:^1 4../i>rM.ll ol jSlkil jM.««a4 
LfLdJ jS'ya ^2jj t S jj ^ .t. < a yUaj a ^UaJI ilJLS' IdJ ( ^;^t 

4^b^ ^ ^1 i/iTi/aj jiilftTiK Lfjt J.*i»mJI ^^^a3 ( ^Lij>JI y J ^ */2S JLnj j^Ip 
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IdllLutfl (OIImmp^i)! ^ La 0 j]a»*m\\ ^Jbu ^ J J^^*^ (J^^^ 

(GPS) JJl^L o-^jLJl UJijl c-..>^l JLii .01^1 oljLii-l 
GPS ^LiiJ o^^Ul W.,.,.7 
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OjtiLUll 2l^IJU» 2bta3.yi ^ 
Stability and Controi issues witii Variabie Sweep 

. (Cruise) wJI ^ ^ j i.^^ 



j»-Ij.j^LjJ| ^Lb JLip IjLl:>- Lfc5L>tjj Ijl jA\.J\ J ti-J^^ (i J (transonic) 
jt (variable sweep airplane) ^1 ^1 S^^^^A^ S ^LlaJl ^ J^LSU^ ij>iJ^^Vi ^ 
^1 jXj L^l U-^ t^-AjL>fcUJl oLpj-uJI t(unswept) ^1 y 0 jju 

The First Variable- JU:J^i j A:*- ^jJl _ ^1 4p.:^V| JJljl 1 _ 16 
Sweep Wings-Rotation and Translation 

t(GnimmaiiXFlOF-l) OLojy^j t(BellX-5) J^j ^(Messcrschmittp. 1101) 
^1 (inboard ends) <-JU-|jJl ^Li^l oLLjJ ciLjj>._j t^jj^^-^l ^ <jI 
.ULUI ^li^l (tips) ol >l *J LiJLi* 5 ^IJaJI ^.-^ JL* ^LiSl 
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t<^jj>tj (^j-^l - -^^^j' '^^■j^-*^ Jj-^ OL^^fLj 

t^j5»J| j^^j .OI^LWI LmjAS JSLi t^JJlj a^Ja dUi^j 

The Rotation- Only Break Jail ^1 jjJllLi - J^^l JyUl 2 - 16 

Throng^ 

(Vickers - ,j-jtj j y:— ^jl - (S*^ ff^- Barnes Wallis) j J-*jjLj 

Jjui- tl959 ^ JlJLijIj .1954 ^\y>- t^Jb^-uj ^ t Armstrongs) 
diii ^ Uj tL-LJl c/J^*^ .^t^ Ji^ J^JL^I ^bVl 
jdi^llP JL>-1 JL>"j J-Sii .j^^JLo-P |» «»ii,<gT *J^^ ^^^JtLftJl ^^J"! 4.>tl>-l 

(Edward ^y^y, ijlj^b t (WilliamJ. Alfoid) ij^l ^iUj tjd>il 
t (translation) JUsj*ifl «JJl>J LJU* L2j^ tCPolhamus) 

.Ja2i OljjA (Jl ^\ ^^'^ SJl5**j| OIjjJlII 

JjjL^Lj ^\ LqJLip i*iJL>Jl ^LL>«-5i v^^^j tS^LkU (centerline) 

_ ij^! ^ ;a v-JJlU i-uoLoVl «-i!jj>Jl ^ v^yj 

i^iJLj^SlI 0 ^ iAjL^\ ^^fl jl) jUJi PjjfJl 

. (Loftin, 1985) j^lJj ^'j^i ^^^1 ^l^i J-l^ l*^^.^ J 
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t-JLj>- ^ JUjj Lo 4^Ll>J| ^ (down wash changes) ^^\a ...11 OLjjjjiJI 

Jjbtjo ^ ajj'J^ 'AjJj L$'i^' cy^*^' *--jjLll iiU" ^ Lj^ c'^*^^ ij^LiJl iiUJi 

(align) tifiL>-j ti*^*-,^ tibj* ^ii*^ C^^* J-**i '^'^^ lj*-? 
jjk Li Jftli jjk t^Sfl c-JJ-ll jl^^iLu-*yi .j^*^' t^Iil 

ij .^iUJLJ ^1 LojLiP ^Li>Jli b|ji>,| c-JJJl 

^yi-^l V>* C^**^ (>" t/^^^^ ^i^^ cf* V*^*-^' 0-L**j| 



HieF-llAaidwkoTTFX TFX ^1 (F-111 iljUdl SjSlUl 3-16 

.(1-16 JSLUI) F-111 ^1 ^!5L- syU* JLiu UJ cTFX 
i**-L-i> «-il^^i2j ^ t^^j-* 72,5 16 4j>ti?-Vl ^1 ^1 JL>«^ 

i,^u- j^Liu. ;uj dULiA .;u*!^i jjUJi jLiijiJi ji ^^fi ^Oii] 
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F-14Tomeat F-14 CLi\Si^jj I jUai\ 4-16 

S^LkJi flJLfc .(F-14 Tomcat) tF-14 oLiL»y 6L«jj-p i^j^>-Jl 
J^L5GL ix>^l>o ;>^Sfl L-JLiP LI.>. ^^^1 JjUl jl^Vl 

cu.«^^ (jL«j^ (1)1 4 (Alford-Polhamus-Wallis) ^j--JI J _ ^^j--L^j_j 

iilju)) j^^Jb (_$Jl11j cjUiJl ^LoLo^l ^UJJ jjjt-^ jlJLLal JLs^^lj <JL^->L<Ji 

^\ ^y^j a ^ jIjli^nLj aijJi Ijljj .(2 - 16 jiCAii) ((juui 

. 1.5 JL:lp 15 J^IS" 















^^>U -^U^LUt JLLSdLit 












\ / Z. Sjc^U 








\l. Sjjii^Jj ^ual 





^\j2j F-14 otSC^* DL-j> S ^UaJI ^ jSCAi iiia^JJll 2 _ 16 jSUil 

v-iUli J*t5Uti i^Vl ^1^- J^l>j^\ j\ ^ aLUIl jiail Ail* 

.(Loftin NASA SP 468, 1985 : ^) 



jij^j .a-JUJI iS'^^L p-^:»*iJLJ j^^L^Uj t/"^' c-JJUU 
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51 Ujjj ^l^i^i y L^^*^' ajL5LoJ u^I ^i^^i C/'^ 

JbJjiJl jl^^ft ^IkJ ^^'iWl jl^l .iUUu F-14 syOJl OU F-111 syOail 
^ykj .<j!)L!Lil jjL>wJl j_yJLp (triply redxmdant 3-axis stability augmentation) 

TheRockweUB-1 B-1 Je^jj S jSlUl 5-16 

^Li^l o*!>fL^ ^Ij\j^a1\^^ B-1 Ji^jj y:-.)fl iiiUJl 
Ls^^ i^.ijf'Vl ^1 y JLLP jj^lijd jjj^l jS" ^1 ^^JjI t)^^ lf*3 ^1 ^1 

^LjjbJI jl^jl iJaij <1) • C-^-^' ^ (Jh^-*^^ ^-^J-*^ <^.>lia:^ ^J'^ 

iiUJi ;iiUJ( Oj^J^f ^ tF-14j F-111 olylUl JiLo tij^-jU- (pivot point) 

.j^Sfl i^JliJ V-^'^^t ^ A:>^JLi- cuJUJU J^oKil ^1 ^1 JLli. ^b>Jli 

OL^I jl i^j^j ^ iJL»l5:3l SJisLUl B-1 0 ^Lkil ,i.fl7,..ji *y idliU 

^ UB-IB S ^LUJ ;L5-jd 65) i^jA 67.5 ^ujI^j J^LSJL *aJUJl 

B-1 sylkll j^yJUi y ^ tSjy <^JLLo JJULa ULj-jj ^,r*H 

aaIU Lji>iJj>-I d-.jjw'l LoJLip ^^LjLS' ^ iio^^l 4jjj>JI jLkJ ijuliJl 

^ Ajy>^\ (i^Sii ijljil SJ^li fj\ b\ '.^J>1^\ ^J\ ^\ Lj*5^ ^^ 

SiU jl ^S.:->^l UiLi^ B-1 S ^LkJl ^y> ol 4>S^ J 
: (Paul H. Anderson) 0 j»JLj! Uijj '^^^ ^1 >• cM JLSsjI 

tifJLil tj^L>.j)ll J-tA*l3l jLp- ^ *ifjb J.>-*aii ji»J^' f|JLi.I*-l 
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jUaJI Ja1j>^ LbJLip j^jIj^I SjlpIJ j^jL-Li ti^iU- iijJb«- tJjLIi 

c)jJb 4ju»>|jLi B-1 a^lkil 4»Bl9-t J»-J ij^J^^ ji^^^^l ^ 

S^LUI iL..>^li .3^^! ^ Jt^iU- |iL.Sfl Jl ^LjJI ^ 

^j^^A^I jjJL»«i]| JIjlimiI .ojUuj (Lfj ^^^^^ jt^J ^ j^^^^^^ aJpLm^ 

Hie Oblique or Skewed l^ng (J^l j1 JSUI ^UJUl 6-16 

4_;-^T C)l^^*iail ^rt^ (Robert T. Jones) '^^jj J-^^ 
j"l JjUJI ^Ll^I iJuk Jl .(3 - 16 J^LiJl) 1945 ^LJl cNACA 

^J\a^J)o ^1 ^ ^JLolSo ^'Aj ^ (^Lo^l Jl 

..iUJi jlJLlil jsU( S^y^ ^jlJj J\ >Sf( ^>3tj ciUJi 

jl ycJ^\ J^Llo-j ^1:^1 > ^\^\ <KJi J^i >biJI ;]UJ 

^ AjLitsijj t ^ (Lachmann) OU-UM SJUUJI dUj U^-^if j 

JSUJI ^^i>»JL^ i^j^ 'o^ J <y (Richard Vogt) 

It 

^j^^ tj^j .^fij^ (j^j ^ tibLfii Ajut^ aJ ^1 ^j,^***- j-i 

j**^ Jbi- jtJfcL- JL2J .viUi OUJSfl jjd ^2?* •-•.r^ tJ-JliJl 

^.^^.iJlj tiS'^^^.iJl oU^>.l3l Ji" j\j1lJ)1\ ^ U«jI 
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oU^ c^ji^il ol^^ll* c^ULl ^,^:^| J J j\ 

.(Hansen, Engineering Charge, 1987 : j-a) jiA 



Si jj>- ol Li?- J-^lJ .L^ajf LjJJ L»^ j t (bilateral symmetry) ^Lj 
Pj^yJLl J .0 j^aJ>- ^ d\ 1 j (skewed) JiU ^L>tj e ^LlaJl jl^^ 

. Ixy jjLaJI ilUa*]| P.|JL>J J*JuJl ^L-*lJl J AP^ ^ 
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.S^*j^ LI jjj (skew) (jl ^^Ml jl ^1 JLL* t^Jjf- J^-^H ^^^^^f^ 4-iJLiJl 

^^i-Jl (torsional divergence) i^ah^ s^t ^Lij>Ji 

j>JI ^>!^ Ol I ^^^t^* • J^LgJl ^Li^JLi .^fl^ fijL^I 

^\ (speed divergence) ol j>^\ ajI^ ^ <.-JUaJI 

^ ^ ^0 -^^^ ^JLII ^t-^^»BJ I^U .a ^Ikil 

^JJI j>J\ Jfixiii 4>-L»- i3liA ot j^j . (body-daped case) ^UJI fi.^i«>JI 
^L>- til ''(Jy^^ 0^ . (autopilot loops) J*yi jLJaJI oUJL?- « .^tii 

OLi tj^LiSfl J-p (ailerons) oUa <j>-^jlJI ^js- 

(^jjb>- i}js^ jjJl cUil^j .1984 o!jb ^1 J aj^p*JI [^y> cL-LJJ 
(digital fly-by-wirc) ^1 JCLJI Jv» JL F-8 L-LJl S ^li. Jjj^- 

Ol Jil^.t < O ^y4J»J . JSLi ^Ll»»j jJoj a jUff Jl 
ia*- p jJP J i 2 ^1 J ^jJ-<^ (i*^ ^djlj »Jli** ^JiLJl iJap-^l 
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ksrj^ 30 



J 7 ^^-^-^ jJ>sJl i-jljj AJL^j 4 ^ ^ J-^^J 

J <w^^ C|ijj_«JLJ ■k.-s^ eJufc J .(4 - 16 JiCjLJl) 

-0 tl^^j;^^ pio^i Qj^lg.tf til ik^l^ (trimmed out) 

.5 yliaJl (tilting) ^'^^^ Jtr* J!>^ ^^^^U-Jl 



0 — 

0- 
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^>-p o)^;-^^- 4-16 Jl^LjJI 

NASA-Vought- L-Ull .i^^ 
^, , a ,11 J q]^' tS^ , , < . F-8 

Kroo, : ^) .JjJ L-j JL>-ji 
AIAA Short Course Notes, 
.(1992 
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iJ^^j .(Kroo, 1992) ^1:l>J! S^^JiiJl 4JbiJ! hj^^b t^l^ 



aJS J A^b:>- j(-Ju jj^^ (5>jJl t 2 (5jL«j L^JLf*b/ aU* 

^LirjJLl iL-*-MM^t oU jjJl ^ dJL# fcdLId .^^kiiM JSLij til jJall 



NASA OjLL» Jj J tl^LiJ iij_>e_4j^ oJLS' tAD-1 1 g o j 

.(5-16 JSCiJ!) UjjiJl^ O^jlj^' ^-^'^ '^'j::^' "^j^ OJbIji 




aSb 5JUljd - jLi>-l S^U> Ol^yt^l 5-16 J^l 

HalHon, :^)l^j^m J-^ Jj.JL*iJU J^Uil JlUI Lfr>Ai^;p^ OjU» i AD-1 ^UJLI 

.(NASASP-4303, 1984 
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^lyj « ^l-mJI* (Vickers- Armstrong) ^jji^ J _ ^ .,rt.t 6-16 J^-iJI 

. (Polhamus and Toll, NASA TM 83121, 1981 : ja) jj^ 



aJLS" C-»L>-ji 10 UjIJlao AD-1 S ^UaiJ ^ t^Ua^l AjjIj cJlS" JuJ J 

.(Kroo, 1992) a^j:^ 60 a^jIj. ^1:l>J| 



1^1 ^ 



10. Ip 



^ a--.IjJlJI .1992 ^Lp 4^LJL5' iuwUj t^!5Uji 

(li'^Lw* c:-»ljL>- cJl>ci jj^L>Jl IJla ^-bSl j j™iJl J^^-J^ 

lS\ ^ ^ }\ Js' cS^iyi C*^' J^^:l A>-L>J| J-«IS3L ^li^rJl 

tl*>cj JLIp ^^Ij . J.s^a.».t.H c^Jialj Jljj*^ c-jUil j *J^^>e^l cJ*^ 

l)L5j .JjLJI ^Ul>JI p g a <v ) J-<>Jtjj tjkJii 400 ^L_j i^j-vf 

4*>-^jJl ^j_)jJlj tAj^^i-s^^l a*JL>J| (^jiJl iiXjLo 

. J5UI cil jkdl b\ > 
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other Variable- S^^^l jA\ i?*i^bU ^Sj^^ (^J^ 7-16 
Swep Back Wing Projects 

jL j^jlJI oI^Ij ^[^jJ\ JjyUI OlS" ^Lf-t ^ (^jJI t,,...,..!! 
Jj^ JLp J_^-^I ^ d\ jA 1959 ^ L-UI JUjV jjy 

^1 ^1 ^ A^[s>^] SUi J fjb ^1 LjIJ^\ ilj[s>J)i\ ^ 

_ » oJiiLij (, ^\ o ; n 4.»b^Lj olJl ^^^9 Sjlp JLh-ij '^jI 

_ jjj^*^ ji*^' j^' * Jdy J lT*^' 1 1959 ^ 

fjl^\ JLoi .aJLp-IjJI ^^W^ JUijI ' ^ (^JlII ^jbU-j ^ 

Oilj jj jJL*Jl» ^1 j»-f-Jl a^Jlj (^JUl t-*-^^' ^1 IJLa jJLp C) ^Uftj^l 
c) jJb jJI>b:^I j^Ip mJIp Sjdli old *^ c^l ^ 
jiiil ol jLi^l J .^^1 50000 glaj jl jJL* tUi OjlJ 

Si^l dJUi .(6-16 JiLiJi) i-^ai^JuJl oU^I jip 

•cr^j^ J'/*gqj J"* OIjjJlU ^^^I Vi^j^' L5^b '^^1 oljiSlI 

s ^LLJi oJLs:* ^;ti-Ji ^1 ^1 jlp xa^\ oLl^i l.1 

olyll»j (Panavia Tornado) jsS^jy LiUL aJU^i^fl _ iJU^/l _ 
(Mi- 21 t(Mig-23 Folggesr) 23 _ ^ JjLJI j^Li^* 

jjliS'L ^ 22- jj ^(Su-24) 24 _ ji-j^ j t(Su-17) 17 _ y-j^ j ^27) 
.iiL^ ii:^ (Tu-160) tl60 - jj t(Tu22M Backfire) 



457 



jJi^ ^U) i^^) 



Modern Canard Configurations 

o^Lis ^ ^^ia^L 1903 ^ ii^Jj ^^>^Sfl S^Uu. oliJ 

j.«itJii;^io JLdixjj .^bJl {3^^^^^ ^J^J Jjii»A» ^ (JLS^liilj (jLi^l oLb^^So 
.Udl dUiS" ^Vl 0 >iU*JI ^^^\ J j\ 

Burt Rutan and Modem ILjJLJ-I jLiUl S^Uvj jUjj C^jj^ 1-17 
Canard Airplane 

tJj-^Vl j^iA^\ (Elbert L. Rutan) d^jj («^^) ^j^^ 

LiL^ jLk^ ^ i-j-sA^JSJl ol ^liail *LiJ j^LJL^ (JimBede) 

Ja«j ^Lj 4-— i^iil cjIjjj oI jJL1» tLJj^^Kj (Mojava) 

j;^^^ivi*3l (LongEZ)j (VariEze) olyLl> ^t^l toliSiJi 

^ iZ^\ yLkil oJuk JbJbJl ^Lij ^ jlSj IJL* .i^L>-^l oLJVi 
(home Oj-lJI ^ ii-jijkit olyiLiaJl Slj-* J-ji oUaiai^j 

ijjLLu toj^i> oL^j-Lil oJLjJ jl p-blj ojb-fl^l ip^— Jl .builders) 

oat tOJiicJi ^ j>-i5JLj ;ip^^ivtJi oi^LUi ^y^, 

(Beech 2000 starshipl) *^jIlu- J^j JUp^I JUj S^sU* cJl^j .SdjJ^i^l 

.ol ylWl oi* t^Jb-l lJUi. 11 Jl 8 iZj\i 
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jLiilil S^LU ((LongEZj VariEzc) ^ CjLJjj oLp-L>J OJ 
^Liui ^ JbJLiJI »Lij ii^-A^t JLj jjii^ J (Voyager ^ij^ ^JLn-II 

iUL. cJlS" Ljij ^ olj*y ^1 jy SJb J^l 4J31JI v^L^I S ylkil 

fSjj^ jij^j c (Beard Two Easy) ^^y^ y tO^^Li ijSLi^Vl syLkJl 

(Ganzer) jj^Uj t<i-Li^Jl iJLJl XTC J-fj^j t (Co Z DcveLopment) 

^yLjj toJLplj jJUj t jbiJI olyUaj ^,^C>idlj jlyLL-*ifl ^Uu. jJL*j 

Canard Conflgnratioii StaU jU53l ^^ f\ j^ljsS- 2 - 17 

ijjij jljI^ Ujli* t^^...^^ ^1 ^L^i^l Jt* tJj+M jl^i^i C^** 

|iJ j^^^i^mS^I ^Lj»JIj (jiiSCil (j^yf^ Ujlipj .^jjCbJg jjpj»ojJij JjjiAj i^jsit^\ 

ip^^l ^ aJIj ^eJa--» ^ ^0 o-^^J tS^}i tjLlSJl ^l^i 

Ol^)!!^ J . (steep nose-down) ^^uil^ j S ^ LkJl J-^aj 

4][^ ^ i^i^yj] iid^vi ji Uit syiiiii (^^1 v^iii d\ it3\iM 

0^ t^JJl tj^Vl c-Jlil (^jaUJI t-JJJl oli ol^llail ^ .*^l>f5^l 

.^b>JI ^1^1 JLLP jJIpVI j^yij i--J i3j-Qjs- ^Jli^l OLi^i '>UU 

.^Ijj>JI ^I^^I >-1^ ^^^JldA^Jl ^li^Jt ^^^yT" ^^-^t^ IjLaj 

^^LjjlJI .l^^fl ^ jLi53l Sy^O. .1^1 ^ ,^^^1 Jiiil 01 

jj^^ i'j^ ^Jj^ Jjbtoj J^jj( Jip t (dynamic Stall) 

i^LJl S jSsi^\ (pitching) ^jfiy^\ ^ jj^ ^ ^^^.J tjl ^iU^)/^ 
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C)I ji^l S^liai j^j--«jS^I ^^^^1 Ji^^ tJjUJJ 

pl^'yi JLij .(yi^ ^1^1 J-^l ^1) i*-^' f^^" 

iZj\ji^\ iJljJl 5jJL53| ^I^j i-iUJi ^ JiiJi jS" ^ olx-^ jj JllP Ji^JtJl 
.(Chambers, 1948) ^ i^j^, jL^ S^Sli? jjjSu JU^ 

(DARPA/ OL. /Lj jb j t Su-27K ^jjJ^j^j <, (Piaggio p. 180) j-^L^, 
olyUftil ^ »JLj^Ij 't/^^' </*J Grumman X-27K) 

Jl ^>-JI ob 

^b-JI JU^I JaLju IJL* J .^JL*l Jl *^Sf iJU oLp^ jJL»- 

Directioiial jbSJl ^nl ^UaJl ^ ^^i^^^^l j^i^l ^ jl ^'il 3-17 
Stability and Control of Canard Airplanes 

ijjLJL« jli^l olyL^ J ^ji-^ fi^l* t^ji^jAjJI i^JLii jj^Lj3j^)fl 
oLi^j 5iji-UJI 1-17 J^^l j--^ US' (4^jaUJI c-JJL!l oLjj^ 

S jSUajl . (Beech) ^^^iZ^ Jl jl» ^ ^^^^ JaJai^ja ^s... , ^ JL»,^^i^ jj 
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12500) Jj*U:lo jj^ t (Starship 1) S^^LkJ Ij t (Super King Air) B200 
^^ySL^Ljij^^)!! Jj-^:j ."L-^ 44 Jlj^ ^ Jji»j (JujL 14000 

UJlS 25 J LoJi 18_j Jiiil ^ y » jjUaJl ^ jAJ^\ *^JUlJ 

^jUjLfj . J^l 7.40 iji\j>- ti! tS^j-Jl ^JJI oli ^1 ^1-^ S^UaJl 

.j^yLkJl Ids' ^ JUiiJl t^i^^^l ^ia*x t^jLj 




Jane's All The Worlds Aircrafts : ^) c.-Jij^ V*-^' «>• ^0 -j ^ B200 S^^lkU 

.(iS'57-i955 
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(plating) (^j^l IJL* -^f^^' (/^^ 

j^^Ip <^ jA c-JjJl j-il 

jb^l objj^ Ji.^fl'^ruli |^^>.i3lj jl ^^aLu-*^! oIjjI*-u» ^f**^ C^^^ 

.SJlSljJl iiJL^Ij OjjJl i^L-^ ^_yJLp iS^y-L-^l Ajij-gjJl ^jJa--Jl ik-u-ljj 

OLjjj SyQ? Lf^ ^.r^l iJL^^I <j3j-ojJ| c-jlJi^l OJL?-j JLiij 

.(Yip, 1985) IJL^ S^,-Jt^ L^jI L-LJU ^^1^1 jiiil oljLii-l ^ VariEze 

^[>ej)1\ SjJ3 c^djj il>£>H ^L:>Jl A3^j9^J^\ 

(cross ^Ij^ oli»^^l j oU^^I ►Wt ^,^»«iJI JS'LLi 

.iJiiXLn i^^^ SjJ* ^ jl (Wind) 

O^i (^L»Jl5' oi^L^ ^ (JanRoskam) ^IX^jj OL^r dLi^VJ L2ij 
(PiaggioP.180 P.180 j^^rU JUpVi JUj 3 ylkJ ^U:^fl jl ^^fl 

^-^^ ^^i^^^'^Jjil ^J^^^ <iU^Lj ^jj>b^l ^tLjij -A-^ <J^^ 

The Penalty of Wing Sweep Back on Low Subsonic Airplanes 

*-AijJ ( (pitching) SJL^ s^)j_jJl oI^^-j-«-jo 

((slats) olJLiJl JJLo ^I>f5*^lj iJajl jl jjjlia>» |i|JL:ieI-.l ^Jlp j 

^lyuJl ^LijjJl v-'k^J tkiUJLl .(slots) (ijJLiJij ((fences) }j>-\^s^\j 
.JLp-^l ^li^l oLj^ SjjU. OjjJIj «1S3I liu^Ji 
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Canard Airplane S^UaJ 4J^>U-I jW*^^ 4^'^ ib^l 5 _ 17 

Spin Recovery 

tiJL»- ^jyi^ ^li*JI i-JJlil oLij^ ^ (stall) iJjjJUJI 
JU» aUlpNl tifJLiiJl JLs-yi t-JjJl SLJ .oljLla-^flj S^^l 

iiUaP ^ jj^ oLk**i ^ ^_yJLp bLgJLpI ( ^1 j-gJi ^j^iju ^ a ^Uail jt-w*:^ j 
^UJI ^1 fjhl\ o^L^^ ^iJLiol^lj jLi^I oLoij 

^1 ^1 jiJi 'J^*^ j^^l 0 ^ o *-r"?HJ .oMUJi ciilj ^ 

(Neihouse) ^ jl^/.l ^^ia*^ ol jLi?-! o JiSJ j^i^Jl iS" ^^sJl] ij«T 
^jJJ* jl (prospinning) LJjjJL?- Ulj-jJI 1960 4^ 

j^yJLp obi-^jJj *jLl^I ^jjfiLj- (j*flJt-J (propelling yawing moments) 

JbJb^j ^ lij iJjjJUJI iS" did jLy-l JS'Liui ^t^^ (>• 

^ a ^IWI ^2^- V ^ XA^\ 4J Lu a yli2i3 ^,^:>^( ajJi 

(Jones, 1934, iJjji^Jl ^ jW*^' S^liail J^JLi Ol J^S autorotation 

t-JLjjiJ Jl^^ ^ tS^LLJl jL^I iJL^ ^ ^^yijwj . and McCormick, 1979) 

01 .(Eicoupe) ^^Sfl Js* j^^^l US' olid ^ 
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.X-29A OLoj^j B-2 ^J-HJ,^ 




t/il UaJl J 4 Jlpli- ai-j (Jetcruzer) jjj ^ c*-:>. jLSai S^^U? 2 _ 17 J5CjsJI 

: j-a) a-ili cJl^ V j>U-l ^A-^i^ s^'UaJI JU-5)f SJbJLP o'^jU 

.(AOPA Pilot, August 1994 



JJLij ol j>5Ui c (fly-by-cable) o'jLSCilj ^1 ^jiUJl ^LkJl ^ 

^ jJl J-«L>t-« J jJLl Jaii ^Llj>tj (^JlH jJaJl ^t>^j>tJLJl SjJli JLjJL>tj 

jSJu .c^LkJl ^ ^1 0 S ^UaJl J*>1^ ^ t^^'*^' 

^lj_fJ^[ij ^.-L^tjJ i^j-iaJl ^♦-i^l^^l SjJLS JuJL^ oL tdUi 

cJUj»L*I JiiJi ^ jj» JU«^ ^ JbJb*j jLOt jjA*J .4jJL5U JbJij 

jjjj-S" C--jJ>- o^QaJl j^yJfc J .\y>-^ ojL:>t-«J( jLl^( o^Us ^ J-^d ^ (_<r'^ 

dJLoLjij^^lj oIp-IAjNI U-^?^' cApLio J j^*^ (Jetcruzer) 

cJ-JLi Jiij .(2-17 JiLLlO LJjjiJLS' cdJjLjjj c(AASI) SijJL>«^l ^JLii^l 
IS ^ JJ»-JLjj jl a^Lkil Jjt>«-J j^^t jjM* 0*^jL>6-« SJLp 

^ oil^ 0 ^UaJl oIa FAA ^_yJljJLij| Olj^Jall Sjl^ «iDU j . V Ji^^' 

^^^Lo ^ 23 JLiJl cu>fcj t (spin-resistant) «iJjjJL>Jl iS*^^! 2L«jL2^» ^jJ 

.5J| jJLaJI oI A^*5L- 
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Other Canard Drawback jLSQJ ^^ y ^ 6-17 

t jl^yJaJl jtJUaJ 4^I>6:J! J L-ab>Vl ijjj-Si ^j-* ^"^^ jbSUl ^jia-- ^j,aJL>cj 

^1:ll!L) ^ J ^jia^ li*^ (tail-last) 4-»l g : W ^ JLj_?- j l^Ju ^^JLJLajdl 
IJlaj .oljL:5^*yij JJL>tiJl hjh-jA jJ^ ^ <_^j .(intandem) 

d^^jj-w^wo (sidewash) (downwash) ^JJt^ "^W^ <-5^^^ 




(SAAB JAS 39 Gripen) 39 yL- 1 4i.Jl>. jli' S^^U* 3-17 JSuSJl 

J World's Aircraft, 1987-1988 I 
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Pusher Propeller Problems UlJJt Ap^jJS J^'Uo 7-17 

jl^^l olyLl» 4 (tractor position) y>Jl ^JLp jJLkj 

J ( IJL^ J .t^-iUJI ^ (pushcrpropcUer) iaiid ^jl^ "i^-?^ ^ 

O^j^ (tail-down Landing's) Ji--! »-JJb ^'ij-^ 

^iijj IJl> .oL-J ojL> Jj>-I ^jlJI S^LdS' ^ -i^^ tJj^ »^ 

C) -^j^^ <^^-*^ iJL^-iiuB C;,^^ ^ Jii t Lo j-o^ c Ij^j^ ^ij^?^ 
.U^j! LjjIS' ^ Jjj^ J^Ll/B j^^SU-Jl ^ J tjljiAl JS'LIjo ixiljil ^jl 

The Special Case of the Voyager >rluJ S^UaU l^liUl 4)U.l 8-17 

.^UiJiJl Oij^ia]! ^liai J Jj>*i^( Cr'^ <i>«i-J Lo 1986 ^Lp 

(^l^ 01^1 ^1 c5>' o^J 

0 ^LiaJl J . (gross weights) ^LJl ;LJL5JI OljjSfl 5 ^LlaJl jl ^^^1 f 

(>• r*^ ^-'^ 2yLU 

c.fl./» J ((Yeager, Rutan, andPatton, 1987) ,^^^1 jIa (fusilages) ^^i.>...r 
Jjf ^..Uas; ^^JJl ^^jjuil i^AUryU : ^^^VIj ^Li^ <^ j 

jLii^Ji ^^-.AjJl t (Brent W. Silver) ^^iJL-- cjlj^ iias-r^U OjLil 
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OLsr i^JLJlj igyt^\ pLljI ^Li^ S^LkJLI ^1^1 ^l^i 

jl5 (, a yLkil <_y-o--j»- J^i?- jLi^i j^] ^Llp^jL l; j ^ 

ol^^ AiiJ>\ ^Li^l p.li>Jl <JL?-y> ^ (twisting) jb53t JjL>- 

.L^Liuo ji- ^Jjti 3j (...aImJ N (jl^j (^JLiilil 

Modem Canard Tactkal aijJLJ-l LJLi5:iJt jUiUl c^l ^UaJt 9-17 
Airplanes 

jl^^iLuy'yi ^Jaxj cUj J^j .p-l^^fl JLju 4j ^|X>.I«J| Olj^i^i] jf cajjllJl 

ibUjB S (vortex system) oL«l jJlII ^Ja^ ^iLiaij ^,.^fl*iJl 

t(LavilAI) t(3-17 J-SLUl) (Saab JAS 39 Gripen) ^>^^jJ> 

;Li-.*JJl SjjLuJi ajLiJi MBBX-31A(RockweUMBBX-31A)/jj^jjj 
.(Eurofighter2000) t2000 ijjjjVl ^L-UJlj t(EFM) 
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Evolution of the Equations of IMotion 



^^jSL^'^lSCil JU^^I Sj;^kJlj t (George H.Bryan) 2?-^ 
i>c—jj| ojLa ijJLjj .(lagrange) t(Euler) t (Newton) ^yj^ 

.1911 Jl L^lJL^ ^ ilAJLJl iJUliijl oNiUJI ^ 

.Lfj iiyw j_yip IjJl^ j^l^NI ^ tcJ^I dUi 

iS" ^ o^fiLjw ^JL>e:L-J J jl jkLJ^\ ^^JUp Ljip ^^jIaIa-j *y cj\ j^ls" iJU*]! 

olJbJ^ j^U^" i/j t^^^LdiJiJI jl^^^fl JJl^- (1-18 JSLUDsyLkJI 
.Oljjjyi oL^Um^p t-JlS J O'^^l jLJa^i J t(augmenters stability) jl ^^Sl-NI 

Euler and Hamilton jJ^ 1 — 18 

is*^ ;l^uji A:^f:»U^ ^ ^ L^l J ^1 J^LUI JSt j! ^ 
(angular tjfjl>Jl ^j-^l (coordinates) oLuIjLj?-^! jL^i-l a ^LkJl 

(successive aJUlJI SaJI^mJI oUIjjjJI OU^ jii^l Jiiij .s ^UaiJ attitude) 
yLp ^;^llJl 0 y^l oL-^Lj jJU JJi ^ Sj^^kJI finite rotations) 
IJLfj cjUIS" ^ ►U-j t Ja-*j ^ (Leonhard Euler) djU 
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hifjji h^JUdi) ^.....x-^i (iL^bbift ^ iJj^^ <'c^^jVl» ^IkJl ^ 
. Z Jj-^'^y jl jjJUf .^5jjtl (Ruth) 

SUj Uljjd f IkJI ^1 1^11 4it .JU ^ ^1 

. (angular coordinates) 

ipj^ tj^L>JI jjj>«JI Jj_?- 0 jlJL>Jf /jJL-J OIjjJl!! t(^5j^«jJl 
<lS jJl diiS JJjj J-JL-jJl Ijla _ <J ^ ^ 

.(2-18 JSLtil) iljJL>Jl Y jj^mJI cJL- Z j^p«Jl OjSHj 

JLj>- J^-ij jl jlal*J^\ |»-jaLa>b jJjj Lljj t.LuiJla^ JUU 

^UoijVl IIa J^j .^jj ^j^Ul (singularity) ^L^^fl (.;«i»>i3 l^S.kj^ 
Li L»-^j S ^Uflj I ii-b 90 ^ J5j jl Jbjj jjiJl ^ ^1 LI jj 

^ g^l^^fl Aijlji i^^l iiiLw Ujllpj .JiL-Sfl jl JUSfl Jl 

^Ijl>«jlu-Lj 90 ajIjjJI jJj-i Lljj J ^Ufl-DMI c-^jl^lt ^ jlaJ 
c (Sir W.R. Hamilton) O^^^^L* j^.^W ^1 (quaternions) oL^^L^I 

t^jL*uo JjJj . (direction cosines) aUiJMl ^LgJ ^^LLi jl 
^ tS^Qajj oLjIjl>-1^ oL>J*yi ^Uj dUJl^j toLpL^I 
(Hight Ol^^Jiil 01 il t (intuitive feel) ^^.-M' o**^ f^' bkjUiil 

j! oLoyi ^1 Ji-i-L cJlS* J t^J^I J dynamics) 

.MjS'i aj^^^ ^JlifcL-j ^^^^ ^^JJ Jl <J <-J^ •'7*^ taLyJMl ^Uj 



470 



e 

= UccB)s^ + V(sv^s$s® + c4/c#) + W{svt'C$S(Si - c\ps$) 

= -Us(H) + Vs$c®. + Wc*c® 

X - mgs® + THR'AT = m(U - VR + WQ) 

Y + ings$c(H) + TliR.BT = m{V - WP + UR) 

Z + mgc^'C® + THK.CT = m(W -UQ + VP) 

e= Qc$ - Rs* 



L + THR'DT = PI -RI + (I - I )QR - PQI , 
X xz z y xz 

M + THR'ET QI + (I - 1,)RP +■ (P^ - , 
y X z xz 

N + THR-FT = RI - PI + (I^ - I^)PQ + QRI^^ 
z X z 'y X X 



^bt ^Ij I^.t-tr? II tuJUJI 3 /UaJI K > iliLu* 12 : 1 _ 18 JSUJI 

8 ildUl ^ 7 iJiUl JlJLi^L V>i-I ^1^1 iJulSC J.JLai 

.:UU-I - ^ JCii l^.At 11 J 10 :;cJaUJLJ a ^ C)l .^^1 - js^ 

iL«-w*jj coLjIjlj-J iLflJajl kfuj diJLjfc ((iLpLjjJlB ^-JLS' |»j-fi-« 
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4 ft la (1) j-^-i t cJUiS-li ^^Lv9jl JbJL>tlJ ijjjj-s^ iali oLjIJL?-]^ 4_<Jajl 

. (redundancy) jl jScJl j\ 

ibJLaUiJl olv? j>t3 ^ (rounndoff errors) ^j-i^l ss-Ua^l J^JlS^ 4LJL>Jl ^\ 
oLJI JLi-l ^0 i?'tlj iljLLa ^LpLjjJLS SJijli tiULift j . (orthogonality check) 

t g < ^Vj^ J^Ji ^diO J'J*-*-* 0*^iLjt« t^_dJLj>tJ J .SlS^Ut^l (jl^^-is Jual^Ij 

(trigonometric 5-JLlLl« Jl ji y^-^ j ^ t j-^*^^ cH=^^^ 

t4_^Lli» Lgjt-.^ JjL)t» Cj^y^U-a Oj-^ t equations) 

(3-by-3 orthogonal matrix of transformation) JLoL>ti-<Jl JlAlU 3x3 oU ji-^ 
. (coordinate systems) oUiJi:?-^! (vector) a^^^lIaS] oL) jSCa ^ 




.(Abzug, Douglas Rept. ES 17935, 1955 : ^) 1938 
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j»L»jdl aUejl Jjjuo O^^il*^ ^tJ-*"^ L5^ <-^^^' ^ J 

j»|JL?*i*^l jU t dJJJiS' . (poissons equations) j o^fiU^ j»UjJl 

a JLkJl 



cos;«/2 




2ei = -64? - e^Q - CjR 

= -e,P + CjQ + e,R 

2e, = e,P + CiQ - e,R 

2^4 = e,P - CjQ + CjR 



© = sin-'[2(e,e, - e,ej] 

$ = tan-'[2(c.,ej + efi,)li-4i^^ - + e,' + e,*)] 
T = tan 'pCe^e, + e,c,)/( e^' - - + e,")] 

e, = cos¥ya COS0/2 cos*/2 + sbV/2 sin©/2 sin*/2 
e, = -cos9»/2 sin0/2 siii*/2 + siii1»/2 cos0/2 cos*/2 
ej = cosV/l sin0/2 cos*/2 + siiiV/2 cos0/2 sin*/2 
64 = cosV/2 COS0/2 sin«/2 - sinV/2 sin0/2 cos$/2 

yLJ- O'^r?^' oL^U ^yuu ^ UjS^llAS oLpLjJD ^ ^ JiUi 3-18 Ji^l 

oUa^^ 0*^dU.I LLJI iPj^l o >J .S ^UaJl 
{Xlearth ^ ^.J JsJl JjU^ ^UJtJl ^ {X}body • S^.-^-l Jl XYZ 



473 



^Uj o^j-t:r oLpL^ (Euler parameter form) ^JLi.i— j 
(inertial (^jj^ p-UAi 4iJLa jjUmj ^DjLLa OIjja j^^^*^ (^./^ aL^ijMl 
jjL>tj8 jjj>«-oJI JJLii J jj- 0 ^LlflJI j»- jjlj>t>i space) 
j^] i^JJLAj .(3-18 J^l) iii^ <j! ^ ^^^,>^\ Jl syOail 

^-^J cr'^ ^JisL^l <>^^ ^1 '^^'^ (j^^ Lj*^' ti-o-jJLSJl oLjiaj 

^^y^Jj j^^-*:>- JULla j_;--Jj '^^^i*^ JJ-^ <-Jj^ J ojj3 J^U^ JsjLipI 

tLjj\ i^^Aa^ jj"^^ jij^ Robinson) O^^^^^jj JLoi j 

j « »1 ... < jJj .1957 oLpL^I oL5L>.^ ^jll^js 

JSl^ (^JUI (D.T.Greenwood) ij^y^ J^S ^ 1960 |iLp ^ 

Ij_^La t^j.MjiL^ LjjjS tiij'^l oLj|Jb-^| J igJajl ^j*i>J J-,Ai^ ^5*^^^ 

SlS'U.ji ip^^-*j>^ 01 jJLjj .2001 (Phillips, Hailey, and Gebcrt) o^^-^j 
.SJb-l J ^ Ailsp^ oL^U.;> ^ ^jl;.LiI o^fUJI 

.1911 ^ip j\^yu^ji\ oy^ 

Linearization iJaaUj JJ J^jJt 2 - 18 

. (simultaneous nonlinear differential equations) ^jT ^^^^f aA^[aS o^fdlju 

JSLi CJI^ UJL^Jl tJL.Vl SJLju ol^jiaiJl ^\ fJJ^l JjJj 

.«j j]L |i ^j^ilo aL2sJ\ ^ yfc ( (state of rest) 0 j^-Jl jl i^l J\ J 

^Ip jJlj (^JJl (Mecanique AiuUytique) l^^^^L^^I JJL>.ij|> ttisS 

S^^^u^l olS"^! hjaj (J. L. Lagrange) tl788 
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. (steady equilibrium motion) mijIjj 

t (cruising) «j|jia:Jlj jJLjil oLjLii p.i:jt i./>UJl ol^sLkJl Lf--jUj 

^jliJl (Coulomb friction) ^ UjUj. 4j! OjJb t4-j|^k-^*^l 

LiUj 4a^>JI oMdLA«JI jl SjJu^l oU^^k^^fl OjSoj .4^1^! ^S'^^^JU 

.j^Sfl jLyi ^jl^NI 

(rectilinear ^ .27... oil C)lj*ia3l S^^Ji^iil oLI^^ia-^Vl JJI>-::j 

cjJL-jJl P-Lut jl «-iljiaiil ^ tc-uliilj ^Lii-Jl t flight) 

(steady c^Ij (^Ijt <5*^^1j t (study turning) c*jIj b\jj> L ./a » II 

y^jsi ^j^j^ jiy^ LftS' ^OU^ JLju S^La sideslipping) 

. (Leonard Bairstow) 

(general ^LJI Ol^^^laJlj (j^^^ ^.^^ cPl "-^^-^^ J 

(Frazer, Duncan and ^tH^^" oLjIjl>-1 ^iJiitLi-L t curvilinear flight) 

. Collar, 1938) 

^LliJ (Billion, 1956; Abzug, 1954) J^V c^j 

L-iLJ o^fU>i aJLJL- . (body-fixed coordinates) AijliJl »:>Jl oLulJi?-! 
(Robert T.N. Chen) o^jj jJ» tl983 1981 
5JLuJLqJI oUijjjJI oLI jIu^VI mJIj- ^^JL* (linearization) i*kiJI 

. (uncoordinated turns) 

4^sajL»>juJI oLpj^I ^LljI (single rotor) ^^jLuJI jljJJl olS (helicopters) 
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j_yJL>Jl S^y^\ ^ ^ Lfji dj^ tSiUJi oLjIjjJLJIj 

1914 ^Lxi AJa:Ul ^ (Bairstow) y^j^i J-«^ ^^Lp 
I (a^t ^^^JuJlj ( jJbJl ^,22»ii»li c)t j'J^Jj 'Ji^^ U^^J c»ayM 

^^jjj iAJu\jl\ Aj»>jJL!| Jja L^Ija Jl* (4JlT aJa^ aJL^Uj oMdLnja 

oJLfj i^ij-^ o*^* 4-18 ^ m':.. ^Lk^l o^f^U-JI 

oL^ JJti-iu t^UI cS jJcL^^ J-/s»Ui]| jLiuj .o^fiU-JI 

^\ t (stability derivatives) j\jSiJ)l\ oUi-Iud tfl^;^^ c^l^^ia-^l 

dUiS'j (alxJl oL^ljJLi A^Lui (dimentional) ^L^"^! J^l ^ 

(rolling moment) 4j>-^jJI ^jju 4^UJI ^JjSfl oLSiJLjl cJlS* (t^^^^t 

(lateral ^--jUJI <^ij-«L>c-Jl i^SL^olijij^^l ^L»iiij VjSfl olii^LJi 

(state-variable form) mJLpJI ol^^-Jti>D JiLi ^^Ip o^f^LiAjl oJLa set) 

.(11 ^Wjl) 

57... a ^jJl^jjoJ^^ ^\ A-L^jiJl AS'y»*j| oViU^ J ■/? fl7 t iiLi>Jl 

ts^iii^i o*bfiL>cji <pj-*j>iL/» LiJu tj^^i j,jL>«iiij 

jl jjJl Ol^l iiJiLJl oU >-^*yi UjI (1920 ^U) J IjLa 

. (dtcling) 
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s-XJ ^x^^ WoS + g cos ej 

-2^ ( 1 - 2^) s - -UoS + g sin 0^ 



q . = 



-w COS 90 + u Sin + (Uo cos + sin eo)e 
sw- U^q + (g sin 9^)9 





WoS + g cos 9o 


Uos-g sin Go" 




















s 










a-Nr 


r 










% - sv + U^r 


~ W 




g(coa Be 



+ -L tan ec 



cos e„ s 



:U^Ui t S ^JLkJI i^- > Ij^Jl^) oLjI oViU LjuJI JLOSf) 4 - 18 JiUJi 
.(Teper, Systems Technology, Inc., Rept. 176-1 , 1969 yd y jLAS oU 



Early Numerical Work ^1 ^^aJUJI J^I 3-18 

iUA-,Ai*i^ U-J jl t (roots) \jjlj>r iL--JLL^(j ^--JMl oL«ljJ*i--»^l 
Jflju t(actualtime histories) *i*AjA>. iuLoj o!sL>«— jt t (eigenvalues) 
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^Ip J^^Li^j . 191 1 ^Lp o-LuJi JSLtf Un.:,^* 4jyk ^^j»J| 4^L!l 

jj^^^ (i^^t Akdj cJlS' SJLIb AijLAji (Bairstow) j^^j^, J^j (1920 

^ LiUaj^j 5JL>eI-oJ( J^^ ^ ^^JJLp ^]^^*J LoJLlp t(J;»-V C*3j 

(step-by- 0 ^QJ jJlJI ijiJbJl J jJL>J( J5l j\ 1924 ^ jl5 j 
. (F. Workman) OU^ jj <>• tS.E-S S^.^.tJl J JH\ i-^bJl c-j step) 
(B. Melvill Jones and A. QL 1 a ii^j J-'^^ j---^ (1925) ^^Lp JLjljj 

(asymmetrical aj^Lij^I jt 4^L>JI olS* ^;>cJL! A^L:>«jjJLiil J ^^I>JI Trevdyan) 

. motion) 

tiL»«jjJi3l jjip JLiJLiiii t(1934) J.al.< jJ* 

B.F.2b -ilJUJI S j5ll2JJ 4*i>.j3l o'^U-Ji ^ ^ij 2^ 

.(5-18 JSLlJl) L.J5 6000 Jiip Bristol 

4 ^^*>Jl jJU> y^A ^ <, j! (complementary function) 

4j>>>jJl ^ d jJL»Jl SdJLKl>a 4jdL>iAi SJjUbJl J 4jLJL>Jl jjJL^Jl aL^j^ ^ 

J>>^l iSJUj f«.«i*Jl ^iill ^^^juj .(fourth degree polynomial) aju\J\ 
aJIjijNI f2;^J ^Ut^ fJi^'j ^J"^ *S cj\j^jcia1 

^jjjJl c-jIj-? ol^b ^ ^ : » 11 ^LiU J I IJlaj t (particular integral) 

4JLaj>> iS,^^ (<J^:^lj • . <Li.h.qJI ^^JbJI oIjL^kpJI ^ ft :4Ly.<jaj 
j!>*JI oIjL»»- .^ol jjii* ijT o*Vil*^ gjl Jp- Lji^ j^l 

. 1950 /LjL>J i^lL. iJjjsS^Nl 
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Glauert's and Lateral Jbu Ui a^JbutAJI JiSU^lj C^^jii' 4-18 
Nondliiientional Fonns 

oMaljw jij^ ^ (Hermaim Glauert) **aL-u» 03JU>J 

t/j .'c = »a/v ^yjil SJb-j J:7..,all t^Jju^l ^IkJl JU-d^j sylUl -i^^ 
AiliS' ^ p im/pSl (ijL-jj 0 ^li2U 4;™JI iili^l ^^^ixj \lj t ^ ji:^^^ 

glj / SiLp J .^1 t LpUa^ J S ^QaJl J jl» [lL/> S J 1 . s^l^l 

ills' A«*J (^jL-Jj 4^. ...:]| ^ \i v .0*^^-1 Sj ^'^^^^ 

.jyljlJL T olJb-j Jdtj ^r^i^' ^jj 

^1 jy>j^\ ^-»f>^ ijiJbJl 0L« t^jjjiii V'^l LiJLiP 

tJL:S:il ^J^JIj tS^^Oiil JiLiu JiJu jLaJ (^l ^Lii-L) o*^il**j| ^ 
j\ tSyUaJl Olj cLfJ j-o-J t5*yjjVlj yjJJ 'W*-^JJ 

tj*<u-lLo (subscript) jAj '^^1 t^jij-gjJl Ap^^l 

^jAj tJllJl J***i- jJLjii . (nondimentionalized) iL>u! OjJU jl^^iLu-^fl 
:(1934 ^Ip) jij:^ JjiJL. .(dx/dw)/pVS ^lix 

iJllA JLnj ^ t Jj. iJL^ lH\ 3 ^Liaii J^?»— ^' oIjL-j»- 
4P^^lj (oLplijjNl ^ JbJjJl JJL»l3 kJ^j ci'^^ t^Li»»J <>J^^ 

.OljjSlI t(^L- ^Jij jj-J ^) 
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z V e s 



^1 F.2b J aJUlill S ^lUl 'i£ >l il^U- iiLol 5 - 18 JSUII 

tOJjtj^Ul ^ *^JLj t^-Jbti CjIjLjlj AjjUaJl oLi'jj*- *L*j>- .5_>-L«Jl 



480 



/jJLdLI ^jjp ol2:,t< tNACA JJ i^JLw^l ^S^\j 

i^jL^ JjJ? fj^j ^jJl JjJff c)l^;J» O^J (j^l S. r . 7 .^» l i tniqj mw jl-L>J*yi 

iv>UJl igJkL^I Cjl^j .01^ (if ^W^l jy tS^Jd 

Bryant and ^1) J-S Iju S^liaji iS"^ o*^3U-J ^UJl Ji>»^l 

jlJUI cLJlk,^ L-UiaI S ylkJl ^ oV^U- ^ JIjj V j .(Gates, 1937 

5 oL5L.Lj3 ^ jA 1967 (RAS) ^^SJUl 01^1 < 

: yfc o^,j^ Jaj A^jj .(Hopkin, 1966) wiJi RAS J ^1 ^1 

^Up (jL^ 4jU^I Uj L>cvs»1j jli' (^JUl 

^JJL>tiU jji^Lp- Wi-'^ j-Hi-u-MI oLfliJLaJ <_^JbtJt J^JLil ^^^^-*)^^ 

JLp jt a ^Lkil ills' ,j-»L-! JLp LoJ oUiJLJI ti*^' 'cyi*^' 

^Uaiil lJU Zu Ji*jj .ijjijil oLp^Ij oU^I jLi 

Jjy oliLUJ olJUL JSLiJI IJla Jb^^j Jijj i(az/aii)/m 

.(STI) SdjJ^I <JajVl 
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Rotary DerivatiTes Vr^^^ CjUUSII 5-18 

Usb ij^r^jJI oliiJUil Ajjljil oU^I Jjc>cjj .Ajjijil s^Liail 

f\j j] c ^1:l>JI jJj LiJ 1 J5*j tl/{2y) J-1*JLj I^j^-^ L^" aLu! ^ 

.aCW(aqc/2v) -ul JU. ciyiiJij iOna^^l 

(Bryan j-LLjj iS"^! o*ilAL« i?-^jJI oLiLim JUaJ ^ 

t)l JLj .L^La] aJLu-j j^^I dliS ^ il-^ and Williams, 1903) 

L» <*-iui U-i gOj-ojJl »— fJuij JL?-Ij tjiji ^ji AjLfJ jl Sjiji iijLU 

.(Bryan, 1911) (JJJ^ Jal Ji-b J*.^ 

4^^iJUJl AjJLxliL ^Sj>^\ 4:^^JL!| oISTm.* 4^JL^I (^jLjtVI 

^ji^ jfi' ^JaJI Joju (<ijLj>>)fl c^Jbiiil ^^jjj (amplitude) Jlkja c>^^ 
. (Beam, 1956) S jC!7,.,*]\ js^j I ya^S oLiiiLJl j 

oUil-L. J-^ ^^1^ t5jl^)fi t-^JbilJl dUllA 
t Juak^caJl jjUt^l ^i^^-gjJl ^jJbjjj t^lyu^fl j^jJj JSUJI i>"^jJl 

CnrJ Cmq Jit* JL>»Ui^l oUl-i;» Beam J-*P ^ .aj^VI jJIp 

ijjLs^l is* ^\ jiJi Ol jLli-l li^*^ J-rtfiii IJLa 0 . CmaJ 

JL^l NACA ^^^f ^ jl ^^:>U Jiiil 
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Ayu JLUVl S^^-s^mJI ijL>.i*j| jl1»IiJI ^SUj ^ ^jSII 

t^jij^l JiJuJl Oi^j t (rolling flow) ^ 'J^^ij^ J^^"^' p ...» 
AiL^Jli (linear function) Liai- L*jIj Jl^l l^J^j-*^' ia^JL jJLjcuJI 

^1 jiJi ij:*^ ^JLil ^iUJl dUiJ ;1jUi>» 0 Al-U Jiiil ^j* J> 

law .^AII ^jJ^ ^ 4^Q^LJl <^ ^^IJCaJl 4JJL9JI oLoJaJI IJLP L) (^^aLrJI 

OL^I DVL oLiJ^jWI (^UiSl ►U^l ySjA ^^JJ:. jJklj .j^L*-iJI 
<jJl! Oi^ 4^ ^jJI oLSiJLi (j^LD 3Lfj>«^ (whirling ami) jl jjJI ^ji-II 

4jIJLj jULojI ji- ^^ Ol^y^la^l AJii* ^ 4^JL>r? ... g 11 ol ^LkJl J^^'l Sjj^ 

i^LPhLj ^Ij^ J^'>=*^' cJlS'j . (Mulkens and Ormerod, 1993) oLiji-Jl 
^Jjl^J (T^j*^ tHIRM ^^q,.>.>^Jl j^y53-Jl i-— 5» 

.iLiL>- jLii-l all* Jj-la ^ 8.3 j^ji ,^1* i-^^-L;-^! tjUSllj 

J jjff f^fip ^ ^^^y. ^^UjJi i>iL^^>Bij ^^^vA^i j^-jJi (ji^tji jH 

Stability Boundaiies j\ JtSiS djJb- 6-18 

5 jJLs- 3L>*jJ ^ L^^' 5aJLj>-^ S yLiaJl ^ 0*yiLt-J OiJUJl 

^\ oLk^^lj jl^^^fl olST.t. V^I^J Cjl^^Nl 

.1900 ^Ip 4j|Jb (Briton E. J. Routh) li^jj JJ ^ 
(Bryant, Jones and jl LJL^j^ ^ S ^Ikil jl ^.oi^l ^ jJLp- «^L.^ ^ 
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JLiJj oW**^* JLMjiA j\ j2iJ)l\ clL-LjjJ 4-1 j3 dUi Ol^j .Pawsey, 1932) 
C)jJb Ua^j tijjjSLJi i-^yJlj 4^UJ1 olii-U (o^^b) gljiS" 

.^jjjlxj ^ jSl^l 43125* .k^i j>o ^ J^\9> ^ dljut 

tJjJLlI ^,^>i^ ^li^ caJ^I JlJ^uI jIjiaN ^^^I ii^lj Aijliil 

JLp- J-JL>iU ij)!^,^ j_A U-i-jj .(Gates, 1927) J-ilJi j-^j^ ^jjJj 
3jJb>J ^L-Sfl JLjS'tjLj (j-*^ J-*^ 4jI^^5lu-VI 

^) (Charles H. Zimmerman) ^ jLliii NACA Jl tSjij^ ^\ 

JL^ ^ JLJl^l LUIj OIJUUI Ua (1937j 1935 

(•iJLuoLdiJLi ^j*^ ji^^ oUaJa>cj> ^J-**^^ oJLa OlS^j .jl jiLunVl 

X6 - 18 J5LUI) 22j Jj^ 40 t5-JL>Jlj 

jjJlJI oI^jlSj Ot>«^^t^-*tL3 oLkkitji j2r*-,^J ^^j^^ * ^UaJI Otis' 

Wind, Body, ji\ jjUU^ t jl^'^lj igijJI 7-18 

Stability, and Principal Axes 

oViU-oJ A-jJU>-j-«Jl jjL>«-«Jl Jjo JiV( j^yJLp iJLlJj oLpj-g-J>tjo ^jl i^lj^ 

US 0 yLkil ^ 5JL.UiJl V^^l jjl^i -ts"! j^l J^Sfl Uj^ 
0^ .ii^:)Ul olS"^! JS" ^ il^Jl* c*— j l^l 

C)\ t>l»^ « « ^Uail U-^^t^ y ft->«^l JjL^«^ (.f^ « ^,ii/t\ii 

LiJUL- ^Ijit t^Ulj to^LlaJl J5J j:?^ aJUI -J jiS^I JSLUI 
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C,.^0.2 rfr„A<r'p— 0.060 



,U^\ i j^Ls .aJLjuiii Lj^U^\ - a-jU-i ^*ifi 6 _ is jiUJi 

Zimmerman, NACA Rept. 589, ^) .ii»LJ)JL>.^) ^ iikit ^ ^jl^^s^ ^ ^^^^1 

.(1937 



^\ cjljJaJl tUlilJLp <Jj^...i l^laij ^j^Uj cAjjI^Ij AJa>Jl oLp^^l 
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. (Zinmiennan, 1935) Uojt jjl^^J JSl y iSli* Oi^ ( ^li^l j 

4P j-«^>^ jt ^^^LuifMt jjl»cjo j'uJuj .2 jSiiail olS^ ^^>cJ 0 j*kj^\ oij| jlfl*^*bfi ojLm^ 

CJ* ^ir-*-^' j\JkLJ^\ jjp^ C^jp- Jjl>«^ (>• 

►Lj! ^,-^1 ^ IijU ^ tiu^^ksAJl iSjpJi i^JJl OjljSjl OljJaJl 

V»JljJl ^ j\ jkLJ^\ JjL>t>o C-.;>t«/>l oJLiJL>J| i^^l Ol ^j^.o^l ^jJl5 

cJiS" ^yliil J./?flli Sj^JuJl aJj^I oLSiJLqJI i5*i:>- p'Liii^Lj ^ /** 
:0l (Duane McRuer) ^jj i3Lo C)l OjS ^ j .J jjU*^ Ijj»ip15 

lijw Jajlj UIp Ifeja yii-'^l ^jU* Jl UjVl oliuUil 

3l>yi^ ^^^\ jsll [ JIUI Jjj-. JIp] . . . V-t-Sf 1 8 jSlUl ^ ^ 

[as* ^1 ak^iVi c*Lm»i ^ jbjbrfj ur^ j jjU^ 

.ajuii V'UVi C'U^ij 

(stability axes) j\jS2J)l\ t j^^l ^J^^ja^J J^r^ 

jjlj>t^» ^5-*—^ ^ c5^'j-<-^' (J^l -^^^ O^j;^^^ cULoLji oL-IjJlJ 

^ij ^1 Jilit jl JJ^^>^ QJ^^ 

^JL i^_y--w^l C^J-^' U^J-^ <-J.>^iJ ^if^fl-iUi Z 

.Zj X ^^^1 ^ > ti^^ Y 
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,4^ oVdbu ^ ^JLkiJl i-J^;**^ t}*^^ ^Jj^ <-»JbJ Jaii 4jiJL».I^ 0,,^ 

. (Computing time) i-^L-sJl ^yj 

ojLi:u t-^liS3l ijily aSj^] Aij^^^jl jjUlJU JjVI J^^kJl .oL^U^JI 
^»--w.J jj-»'>Lp ol ^LU ii*^ (Robert W. Bratt) ol j-j j-j-jjj J-J 

.^^UaxJl Jiil^l oUjd ^ i'Ljj'i/L a955 Jl^ I jJLj^^I 
i^JJl tL-Ul SIM2 j/UJl 01^ iit^l jjU«Jl Jl* «lJb- 

JLi SIM2 ^U^l Ol^j .(7 - 18 JJLiJi) ^,--^lj c^l^l 
j^L>mJI ^ Lu-LJl jlsLjJI OJUiIji OI^;Jf> 

SJL^li cJli'j .F-15 JtHJ^ S^LkJ ^2.2>Jl j^jU t^^l 

^1 o ....U 90 ^yf^ *^ c • fli jla ^LSLjaLudj^^l oULJl 

oLl^ cJlS* US' t(8pin) i-JjjJL^JI iS'^lj (stalls) oUI^^^I JlJLSij 
ttjfjiJLJl j^UiiJl i3,^SLJl JLp Sa^^l s^Vl SIM2 ^^1 ^U-JI 

.B-2 i^jjjjj 4J9JI iiiliJl (jipj 

oLi-^l DU c J^l ^ jl^^l. 4JU;>^I ;.*^l jjU^I UiiJt ^ 
L^j 0 SIM2 ^L>«J| jjL>^ U^^^^ ^ ij jl^l 

(fundamental force ^^L-Vl Sj-SJl ^UJ- iJiLtji ^JL>ti--Jj ^t... o J^^-*iu 
_ ^|JL:>JI jlxJi J SIM2 j_^Ls*Jl i^JLi.i-*Jl iS" jjU^I vector) 
.i*^l jjUiu^ ^ij^l i*^;-Jlj (vector cross -product) t^^' 

ijijii ip^is* ^^1 jji>**J ^ij^i ip^;-Ji ^ ,j*--s jIjusji iJdijui 

jiJl ^y jl^yjal**i*yi jjUmJ Ajjijil ip^^l cOI-i?- L>-j^^ i*-—^! JJ^>«*^ 
jinij U-i ji— jjJI jjLsmJ ijjijil ,r-^lj JJ^^ V-^ L5^' 
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jLi^J^^/l ijtJ;! JljUj ,l-JLJ| Y j_pmJI ^JL* ^yT^\ 

^.Jajf ^ oU ^^^^ ^U^l ^'^^ ^^-'t^ ..^^ ^UjlWo^l 

j^-(F,/mV)-i?, 

q; = e - tan^ + Zw/(mV cos^) 





cos^ 


sm;6 0" 




cosa 


0 


sina 




X' 
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-sin;6 


COS;^ 0 
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0 




Y 
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0 1 




-sina 


0 


cosa 
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p. 


cosa 


0 sin a 




P' 










fi, = 


0 


1 0 




Q 












-sina 


0 cosa 




R 











^\^^\, jjWi ^ s ^iwi ir> s^i oVii*- jixjil jL^-t 7 - 1« j^aj) 
jjiii ^1 ji^j*^! jVjjMi ijjij oi,^^ 
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UlAja JJ^^=^ ^ O iS-^^ ejajjjcJl ^ jlA SIM2 

a iJL^ ^j^t^ ^J^ji ^Uj^ ^ijt^'^JJ^ ^ JJ^^^ ^ 

^ ^1 jlj .(8 _ 18 J5C-iJl) p ^ «i'if>3l ^jlj ol jjJlj U j-jlo 
.'^ _^^>«^ ^j-J ^jSCJ jilJ jjb (reverse convention) 




VCOS ^ 



2 JJ^I 



^ |ij^;iJL-il c p j'y^jVi ijjjj J i*,^^! iijl>J ci^Ul ^jjJl 8 _ 18 jiLLll 

Abzug, Norhtrop : ^) jjU ^ X, Y, Z . L-UI ^ SIM2 ^ ^1 ^l^l 

.(paper, 1983 



^ t^y^jbLl ,^^Jl*UI J-SLlJl jLjLi^VL 3J>h tL^-i oLpLiJjIj 



J:>U- ^ NACA ^ 1950 |»Lp dL5i tS^^LkJl o^^iU-J 



Laplace jjii-l tLii^l a^U^'yi ^%J^ 8 _ 18 

Transforms, Frequency Response, and Root Locus 



489 



iu— I «jL>jI» t(Dr.G.A.Mokrzycki) ^Jjy, jj^^ 4^*^ 
j^JLi^* jjj inSLi • (G. A. Andrew) jjJjI Jl 

yijj Olj^i k-Jl^ A*-^ (servomechanism engineers) iJVl oUj^mJI 
^LS"! iJLijiajj j^^^tj^f o'^jj^j jijjj tiJL* .JJLii J-i JiSll ^_yJLp oljJL-u- 

.(1936 ^U) o^jjj (1934 ^U) J-^JLo L^iv»j ^^^l 
tSyliajl (functions) iJl^-iJl JLi>l^l UojI i^^y 

* (time vector analysis) ji*-- J*JL>»jj tXjdd^l oL|LfiJL-.*bflj 
(SJjIjlJI j\ ja2J)i\ AjJoj] i^jj WiH^ ioj^-i^lj ((root loci) jji^^il 
.Ijl jtJ)l\ 'iJu\yi (Xr^l J-s-aiiJi [^L^ji ^ US' 

Modes of Airplane Motion S jSlLJt 25' ^ akwl 9-18 

Lq^ LUj t(modes) ikgjL S^UaJLl ljJu^\ iLi\S y>zl\ 

S ^UftJl o*yaL« J-l^ oJLrj 5 yLUl ^jJLJLiiil i.-^! ^a-^Vl 

.(Jones, 1934) Sj^^JI iJLjJl j 4J>il 

^y\yi^\ dj^j .jiA^i ^ Sfjb ^ v^*^' ^Lu^l <>i>*^i 

Al>ojSflj LjLja^\ JjoijjJ( .0^;^ JLfl*^ '^'jJ^ 

^ a ol ^ < ./^T' ^^Afl^i^** d^y^ 45"^ ( (phugoid) J A « a Jl 
JU>J ((longitudenal short period) c^j^' ^s'^' JJ^I 
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JL,*^ J ^ ^ ^ t (dutch roll) j^JI *>. ^jJI 

^ jiaJl jjj«Jl J ^LoSL 4-^ ^ t(roll) Lj- j->jJl 

Ol^;Ju J.fc^'Ij <Jjiil» jf aJUiLl>a ((spiral) A^jjismS\ 4^ jPwM 

(lateral j1 ^^J^^l I>>^JJI ^a^j^JUJI SS'^I 

•J^J iij^i^*! -i**^ tJl ^ oi^i" ' l CxtiJJ^ >i tphygoid) 

L^iiLj-^ c^lJj .(Ashkenas, 1958; Newell, 1965) ^^Li^J:^ 01 jj3 JLj-^j 
jjjj t^JLiJ^I h>-j^d}\ i^j 4 (lateral divergence) JlpLill 

.JLpLlo LgJfcJL?-! t^^jji M ^«la»i 

jjjJl JLS^^Jcjiil ila-gji ijulS" t (longitudenal divergence) j^^l JLpLsJI 

Ja^ j^ypJb tJLS^jjujiil .JLpLuo UjkJL?-! tj-jjji M ^j.la^i jy/aaW 

.k«J j;.,rtSll jjJLiI 4jU- (_fij ( K^^^i^^l* jl 0 J St. ..all ApjdwJL JLpLJI 

. (pitchup) JIpI JpLJI 

dUj (kinamatically constrained) SJLi-Lii <5y>Ji <ia-*jl 01 

jjk «JjLfJlj ^jLkU ^A^aXp^ oLJLmJ JJUJ ((thrust closed loops) 
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jJIp AiaiUuJi aJ ^ ( (constrained airspeed mode) SJJUll ^1 ixw 

^IIj .^^l ^Ja^-I^l (>»JJ 4j,-So*lJl ^jJP J^U- ^ J^LfljjMl 

jLji^JI ^l:^ c) ^ J . (Ncwmark, 1957) io^l jl ^^iL-i^f t^t? cjU^ 

2 S^l ^jiiLJ .JiSfl ^1 olj> ^ <iy ^^1 o'^UlxJ JjLUI 

iiaiL>MJl ^ A-ij t (constrained yaw mode) JLJUJI ^'^l 

0 J . (ailerons) (Pinsker, 1967) ^jJt olii iia-u-ljj ajjIJ 

18 ^ jS\ ^ ^ fjjj^ N JLpLj ^ J^^^. o^ji iAJ j\9 , /i * \ \ 

(aperiodic) c^jj^^l .WJI lJu jl ^Lli^I .k^ .aI^jl^JI o^LuJI ^jiOaj 

JVo tNv-(N6a/L5a) Lv (cl^ 15 Syill t^ju-bll J*^!) LCDP la-,ji J!^ J- 
^ LSaJ NsaJ iijij Jl SJ5L*i| ;L>.^^|j ^l^^yi CJJP ^ I.vJ iVyJ 

. (aileron) as^ j:>-jS\ iii «j| ^1 SJSUil ^jJI j ^ jjp 

^lljjJl olS a yllJl jJU^ a yLia]| <5 ^ ikojV JLUI ^j^i^l JLiJ 

dUij aj*L^ ik^l c(.LcSfi 01^1 ^ Xjiij^ii^\) jijJLii 

oLSiJLo ^ JbJbJl tJU- til .^^^1 S^LLil ^ 

ik^jV Ijj*- 4.iJLL>6ji ^lij Lkufl t (hovering) j^^^^j>tiii Ol^^^kil aj^LjJI 

t(Lipscombe) t-^^^^-^ JJi ^ iJLL- ^iUJ (2000 ^U) (Cook) 

S^*i-Sll j^lj-jJl J-4iJI oLjL*jj (Crawford) t (Games) y^j-^j 
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literal approximatioii to Xk^jVl ^ ^1 c^^j^l 1-9-18 
the modes 

C)I^;AJI olii--jJij tjl^^ii—Ml ol 2? .t, » ^ (approximation factor) 

ikjSl Jl .^.^1 .^3JbJl JSLUI ^ Sjj^^ ^ 
^jjli. dJlS'j .1908 |iLp (Lanchester) UJb t Jj^ 

IajJ^Joj ||J> JLi ^LjjLSiJI ^WiSfl JjJUajj ji^osl A^jti^l 4jJLri]| AjJo!^ (}^^ 

.(1958 ^Ip) (Ashkenas and McRuer) ^jjj i3Lij jIljOI JJ 

a^^jJl ia^ CUjliJli . TR ^U-^jJl ia^ ^^jJl C^liJl 

iLp = CipqSb2/(2VlJ y .Tr = -1/Lp ^d^lj 
oLk-^j-U (function) ^Lr t(_$JUtj*^l <j>-^jJI jujUiJ j ? .t. a = Clp 

^^byJI = b 
^01^1 = V 
kA^\ ^liS" =p 

U5 t^UiA^yi «Jl^ i^Lj AMjJ (1973 ^Ip) iJL. ^jJbj .i^USfl 
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.^iUil ^UaJl JLoju ^ oLy^>.s]| |iJ^ ^1 

ijL>ti--l (configuration changes) ^^ji^l ol^^-Ju ol^b .2 
(l^ LiJI L^iSij) i^UJl J yfc-.Nl oliLJLj a-^l oljjJtJl OLu .3 

Ol OU-^ tilsLjJI j^^l <>w» SjJ^i iLilSJi JjJUJi 

JJL>biJ| c)l^ \s\ jl «Li aS'^^I cJ^iVfui L....." ^ I^J ^la^Vl 

(factor) J*bJ 

Ol IjLaj .SJj^I iiiUJLi ^^uLiflJl J-I^l ^\ ^\ 

Ot^ .LjjJLSli tiLjJiP 4-iy>JI oIjLjJI iiJl^ li| t^i^^j 

(1993 ^Lp) OUuj JJ iiiJl JLSyuiiJl ia*j jjjJ 4jJLi5iJl ^t,.,.,:,:;*^ iy.-::] 
(term) Ijl^- tjL-^ (^JUl t(13 SyLiJl c (^^UJI J-^aiJl ^1) ^^^^^Ij 
JlLi ybj (4JL1JI oU^;^! ^ AdJlit (Ja2* 

(kamesh) ^^^^ ^y**^' ^Jl^^l 4 V"^' <>» 

l^^^J>\ oijlg-Jli IJL^ jLo U2OOO ^U) (1999 ^U) 

Time Vector Analysis (^UJSi) Jt^^ ^0 - 

JLiJ J .S yl^l 4^ ^ A^ajSI SjLLgjg Ljj Jt^^ ^ 
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ol Jl ji.. JL>-t (debuggiiig) ^^^^ ^ <^ ^ ^^^>~^ ^j^^ oJL:>> jt 
.^Ul ^^^1 syLyi dL-Lua JJL*iJ t^JLil t^JLiJl JjSfl U5U:JI 
il-?- t (Robert K. Mueller) jVj^ ♦^^JJ yjij*^' 
^ 1936 aLij Jj OL^j tMIT ? ^ ^ 0^1 t^Lkj 

.MIT JLjjw ^ oljji^i ^ 4is-j^t 

^l* jIjiaI ^J (>*-^ 4>»i^l J^J^ ^_^L-Vl ^ j^i^l 01 

I iJL«»bj A^duJj iJL«»ua JLS^I j^^a^J^ ddjj 4] (^^^ia>- ^liij ^ 

M^Lj Lij^;^ <-)^ (jj^ J7 M. « W (amplitude) Jlk^ .1 

LiJLSi^b S^IjJI 4JUJLI jjJaJl (jy jjb J? M. Q 11 jj^i <iy .2 

(time vector ^y>ji3 a-laUoI oL*JLyA^ p-Lj p- ^-oJJ j^^^^ t^j-ji^l IIa ^ 
j^UJ( ^^jiSLtJl JjsJl JjUj ^Uaj ililjw (^I ojLp JS' Ji^ij polygons) 
0 ^ (terms) oIjLjJI otnl .^oli .Sj^^^-Jl ii^Lji^ 

.(9-18 JCiJI) ol^^jiiJl Jyj JlkJI olS^ 

o^[aL« Ljj ^L^-VI ^JU*JI i^j>l Jli- ^ 

i-^^JLp iijj j^f ^ ^jlS c (James S. MacDonnell) J-J ijLo t^yji^ 
. (Mueller, 1937) ^ ^ JLjjw tH^' <^ 

i5j^ (Karl-H, Doetsch) jjijj.> Jjl^ jj^^^ tLJUl ^ 

jlU tiJLljl i-^LJl VvH*^' (RAE) j^^UUJl Ol^^-la-il 4... ,^3^ 
ijJLjjJl J^Liu. ^ -UfiJL. JJU^ t5ji» (W.J.G.Rnsker) 

JJ ^ ^ jlJ ajJUjUI J:^^^ Jst^ 

^ uX3j , NACA ^ ^^1ju*V (Leonard Stemfield) jULi 0^«i— ajIj ^ 

i>. j^jJL i^UJl ^yju v'lji-Ul ol*JLMi*U LXJlSL- ViU: 1951 ^ U Jl ^ 
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hjjj j_gJi ^jJl oU-^ j-j^U (ills J :l1 jLU jv^?-^ 4 ^^^'^^ J 
0 jj-s^ U (E. E. Larrabee) ^luIj^^ Ju-5 jJl j .oJLjJL>J1 oI jiLkli 



s = .001355 

0:^:r = l;756:56 



= -1.777 

:^:r = |:-3I.5:,I64 



-2. A 

1 I 



s^^ not visible 



H ^ « 10"' 



+ X 10 ' 



C = .0243 , u = 1.8775 
p-<f>-r - |:.99:(87 




illi I j,.5:>.iJl J S /UaJl oL5L<olLii c SjOJUJ S ^UaJ iik^ 9-18 Ji5:jJl 

.aj^^i as'^iia^^Si^^^p ^LjO .(1973) |»ui > j c 311^1 1^^^^ 

. (Dutch roll mode) ^jjuj j^l Ss*- ^jJl ia^ ^ JUall 
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Oljj^l iAljLA\j c^LuiJt j] 44»Jl1 11 - 18 

Vector, Dyadk, Matrix, and Tensor Forms 

VjISsiJJI oLJlJb-)fl iiJl^j .1911 ti^^l jjU^ Jij S^iyi 

c(1934 ^Ip) Jr^^ ^>22i>MJl JJ ^ Lyflj! cJUjcLu-I jl5 

^U) (Courtland Perkins) j:^^ JD'i^j^j t(1937 OLo^^J jijLtjJ 
to^y^UJI oJjk ^ JLaiJi^fl JU^ ol^^l jA> ^jS\ JjSfl ciJjJI .(1949 
oLlS" ( (Louis M. Milne-Thomson) - Cr^^ trHlJ-^ 

.(1958 ^JSd\ 

ii^uii (oJLaj .jj*-»jS^i i^^^i Aidijuo jj^kr ^ (^JJi 

djJ^ oi2..1a7 ^ Aj^^JJa^Jl (aJUajJI jjUb^JL! 4j^^^..JL«JI oLp^ 4j»Blja 

OJj oIp^ j_ypljcJ- ^ W^... ^U^l p.tJj>Jl Aj>el» ^^jiJ j>^\ 

^ ^fjLi ^lip Lf! ilj^^M oLjjjci* SjLp (dyadics) 4jL:i3l 

ijShiJi jL5LsVi tijijii cJUii ^,--^1 ;iiLJap ^jjp ii-b 

. (Abzug, 1980) iiiJ ^1 iJUfl]' ^L^bU a™J| 4jjIjJ( oU^l »-^L»s- ^ 

J ^ .A«^j>«jJl A^^^i^yAAil Aj>JIjc«J| ^ a1iJj>J| A^^I oI y j^ajGl SpUS' 

o^fabtJl ^ v'y^V^ ty>^l JSLiJL syUaJl ^iS"^ UaiJI o*yiL**j| 
ol^^jii- . (state - variable form) aJUJI ol^Jii^i JO Jj^' 
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5iL>Jl ^ [x] :dl ^ = fA}{x} + [B]{u} JyL^\ JSLiJi 

.u,v,w JL- 

j^UJLii JiUl {jc} 

.aX/a5 JJL. ol5ii- iiSLtljl NxM ^,i:».iJl 43yL^ [B] 

,^^:^\ LI jj i^l ^ jCiuUl Mxl {u} 

1x5 {x} iiUJi JbJ ;u>-4Llil ;J >j| oViUJi ^ 

j^LJLj tlxl jjk {u} ^ij^l ^,.iL>^l g^L*-i JuJj .{ttoeqh} ^Lt-iJl 

SiU j,^L>.ij| JUjj .{P + Pvry} j|lx-Ul 1x6 {x} ^^i^l iJUJi 

,lx2{5a5r} 

oLJUj> [B]j [A] <:>JLcJl Olij ./? ^ J ^,Jl:>cjJl ^UiJ o^yU:- ^ S yiiajl 

i^l^ JJL>t: Jil) ^LUI j^^^ . (closed loop operations) iiiJt-JI <iL>JI 

J ^^JUJI ^S^^W^ ^ oL>JIjc1jj 

SJL9>I J 4JLi/»li ^ S^LmJI oNaLil^I J^^^JLlj (transient) S^LnJI 
pUjSl ^iJL^-JLy-Lj (transition matrix) JJiJl oLij a < cjL-cp- ^ .t^j-^-l 

(Linear i^^^J^\ ^LkJl <j>-jL»J ^(Hawthrone, California) LJjj-iJL^ 

JJLj*; JL5Lit ^ J-*^^i>^ J*^ (i^l t System Modelling programs) 

iS"^ ./ttI I .^jii j^L»-iJl Jji*^! i*^?* t JaiJi jl yfcLu-Nl 

syliil J*ij*j> £*^-H t (Lawrence, Kansas) ^jA^SS t^^-Jlj^ Ji4*^J 

jl y^Lun^ jV I ^tjitt ./itII ^djj ^jJl « (Advance Aircraft Analysis) (ojl2i«JI 
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^1^1 Lat 'Ol^^t^l dluaiijdj ((trim) S^LicJl ii^j (^iJo^lj 
(MATLAB) (tcj-iL-Li* Jl. S^^l oLjJI >'!:AJ iyJUJU 
cJ^^Li (Mathworks and Mathcad) «il5oLo»j ^^jj oL» 

.j^S^I J jl (^^-ai^J "kj^ Ufljt (Matsoft) 

Uil syiyi o^fii^J jLiii jslui oUi^^'iUi 

^(..utIL i-^U- aJLSU iiLiA aj! tdlii . (tensor forms) ajj^^-JIiJI Jl5LiSfl 
Ajjilfi t^^j^^LiJI J^-iJL o^Lkil iS'^pJ AjiLJI k-JUail |»-w*:>Ji o*yiL« 
JSLi (2000 ^U) (Zipfel) J^J ^JJ^\ jJl .^UJtJi jl ^"jl^LJiil J^Ij 

Atmospheric Models (^j^L-l (J^t ^Slw 12 - 18 

4/^^^*^ O^J^ iSj^^ ♦J'^UIi j^^lj^l 

^1^1 flJiA ^juici-j Lq^ '(Sj^^^ 'Hy,^^^*^' (i^^^'^lj jl^^ii-«*ifl 

\pju NACA ^ ^ ^^Liil (^jj>Jl o^Lkli ^SUjJI 

^Jii 65800 cJl^j oLpUjjI 1955 -1932 ^yi 

^j-iyi c-^j 4j>dyVi ^1 ^"^L- cNACA ^ .(ICAO, 1955) 

1996 ^^j .(ICAO, 1962) ^jlS 400000 f^Uljl Jl dUi ^.^Vl 

.^_^UJI j>Jl ^iU ^ SUi (AIAA) ^^UiiJlj 01^^ L?^--^^' -^^^^ ^ 

. (hydrostatic equilibrium) 

J^Ljclil AP^^Ij (Jj^^l JajLs^l ^ C)t ^L^^l ^j^i 
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01 ajAj t^Liil ajy-_^^f**5Jl S 10-18 jX-iJi 

J j\ yt*M>l\ ^ aaJJ^l^\ J >3I J^] Jl*j 4^JJI (FORTRAN) 

tiuu-Vl ^Ijiil ^ oL:j>c1^ (RHO) ^1^1 iili^ j^i2jJ cJllJl IJU ^ 
^Ji 4000 _ ^ JL>t-«Jl J^L^ ij-v^ jJb iii ^LkpJ ^ OJ 

^»Jj •-r— t/^l t(ASPE) c-JLkij-j .^JJ 400000 

.Oj^l ^JL \a,,H» Jjl^ (>" c^^^ pLljLyril ^JLo^ ^ 

t (shear) oUalJi j t (gusts) oLa J-i*j iJi^ U-p 2^^' 

01^^ t/^'^^ iidUa-Ui (Vortex) oLiljjJIj t(dowiibiirst) oLiijJIj 

^1 aJ^L.^ oLsAJ A^Ls^l <i^Jji ^ ^0 ^^^x-^ L5^' Wj. t 

OVI <jo|ji«i*^l c (sounder approach) 

(downwash model) iiiJiJl ^^ij-oJ ^ L-Ul oLoIjJlSIj (oUiJJIj 

(Bray, AiijJ) ^^;.«^ ^^wqj>- ^ c^L.^ ^LliSJl Jai^^ c)^^ 
a^JaLb J jtJji Mflk; a 1 c^JL^il J»Umj t^»>»j ( 1984) 

syLUI Ji^Jb- LJU.* c^liii ^Jl iLrf .(11-18 JSLUI) ^jHJ jl^ 

^ US' LaUj (IajLuo dlJl^l JjJ? CLS US' ^c^l ^SjAJ ^ 

(wind shear models) (J,aj ^iUJ I^^SC*^ c**-^l JJ U-LJl cJl^ 

^jI««uo ^ L-l^*j| (j,<a^l «-)^^ oLSJ* J^-HJ •^^'.^^^ cs^^^*^ A-^U^ 

tOLJU^l f^al L>-ij-«J dULlAj .<Jj-ai( ^IljjJL o 11 ^^yiii^JuJl ajljj>Jl 

t (Kennedy) fjs^ j (Logan) ol./T2a jLo ajj^jjJL i^ajlJ p-U-u-L 

iiiHl 2^ij-«J t (Bernard Etkin) ^^;-^S^t ^1 U ./? <■ 

0 ( ^JaiSJ ^dUiS' odLp ^Jl»M«j UiLU (^^^J^l (ji^i 
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SUBROUTINE ATMOS(ALT,VEL,RHO,AMACH,DYN,VEKT) 
; NASA/USAF/USWB STANDARD ATMOSPHERE, -4,000 TO 400,000 FT. 
DIMENSION X{3) 
X|3)=ALT 

IF|-X(3)-35.E3) 300,300,310 
300 21 =342.5E2 + X(3)*4.3/35. 

GO TO 500 
310 IF(-X(3)-45.E3)320,320,400 
320 21 =299.5E2-.285*(-X(3)-35.E3) 

GO TO 500 
400 IF{-X{3)-60.E3) 405,405,410 
405 Z1 =271.E2-.12*(-X{3)-45.E3) 
500 RHO = .002377*EXP{X(3)/Z1) 

GO TO 490 
410 IF(-X(3)-140.E3) 415,415,420 
41 5 RHO = EXP(-4.67263E-5*(-X(3)-6.E4)-8.41 364) 

GO TO 490 
420 IF{-X(3)-240.E3) 425,425,430 
425 RHO = EXP(-3.871 2E-5*(-X(3)-14.E4)-1 2.151 584) 

GO TO 490 

430 RHO = EXP(-5.18378E-5*(-X(3)-24.E4)-1 6.022785) 
490 CONTINUE 

IF{-X(3)-362.E2)600,600,700 
600 ASPE= 1 1 1 7.-1 49.*(-X(3)/362.E2) 

GO TO 800 
700 IF(-X{3)-66.E3) 710,710,720 
710 ASPE = 968. 

GO TO 800 
720 IF(-X(3)-105.E3) 730,730,740 
730 ASPE = 6.71282E-4«(-X(3)-66.E3)-t-968. 

GO TO 800 
740 IF(-X(3)-1555.E2) 750,750,760 
750 ASPE = 1 .73941 E-3*(-X(3)-1 05. E3) -I- 994. 1 8 

GO TO 800 
760 IF(-X(3)-172.E3) 770,770,775 
770 ASPE= 1082.02 

GO TO 800 
775 IF(-X{3)-200.E3) 780,780,785 
780 ASPE = -1.215714E-3*(-X(3)-172.E3)-M082.02 

GO TO 800 
785 IF{-X(3)-2625.E2) 790,790,795 
790 ASPE = -2.62368E-3*(-X(3!-200.E3)-l- 1047.98 

GO TO 800 
795 ASPE = 884. 
800 AMACH = VEL/ASPE 

DYN = (RHO/2.)*VEL**2 

VEKT= 1 7.1 861 216*SQRT(DYN) 

RETURN 

END 



NASA/ ^ }\ Jp o'yjy ^_^UJt ^ ^^^JLI ^U^) 10 _ 18 Ji^it 

Jb^jj; (ASPE) o j-^l J (RHO) ^1^1 ajMS . USAF/USWB 

(Subroutine) ^U^l v^ikij .^Sl 400000 JJ 4000 _ ^ ^liJjVl oVLf ^ 
^ J c aiUSai ^'^\ ^U^l ^ . (VEL) 4*5^1 AP^I J (ALT) <^^\ ^ o^^-U 
ACA : j^) (VEKT) asilsatl ^p^I j c (DYN) -JaiUil' J ' (AMACH) 

. (Systems, Inc. Flight program 
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O jLij I4J ^1 4 jJL^ S ^Uj aJUJ AJLaLi Iw-ljJb ^li 1972 ^Lp ^ 

dl . (Ribner, 1956) la i-oUf2j>-|j iJUjL?-i <j>JU-o p-l ^| ^j^-oj 

^IjsJl J^jjj c (homogeneity) iwwJUeillj t (stationarity) 4Jj5CwJ( ^^^IjisL 
oUL_Jl jl>.|jJLjj . (Gaussian distribution) ^^jJJl ^jjjJlj t(isotropy) 
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(Bray model of Ji-JI jiULl ^ ^^^1 ^Ja5il 11 _ 18 

Bray, NASA TM : ^) ^1 cMjs^ ^ i^biA ^i^Sfl J ji» . down - burst) 

.(85969, 1984 



e ^Lkll J SR-71A JLu^jJ 5 jSLkll iLw-l^ 0 jt'^^*-^^ J «jl ^^,J\ 

^lijt oLjJw»» 4 j^iL>Jl J./atfH ^ IfiJL^Lj) ^ XB-70 li^^I JU-i 

L^U ^ ^1 (NASP) ^^jJi 45^1 ^^uslAJi o^^uj L^- 



502 



LnUl ot j'uJ^ ^ cJ jLnj jl2» ((hypersonic) <2Sli 

i^ji^^ JtHJ* ^ OjLwiJLij jjLfiJ^fj tJLijLi tOJjIjA 

(SchiUing, Pickett, and Aubertin, 1993) 
oUlijj*yi (j-^j^l (>» t^JLoLi A-iaAj yjj ^ J c (batch programs) SJL^I ^1 

^uji J ji 4>JUfl-gj JjjKlJi _^j>J( o^u» .ajjIjlJi 

oLa jLl9-l .0 ji ^pJl J (, Wn»/a\\ (, A ^\ 4^iLuaLjd ^1 

( (mountain wave) a^^W?^! ^^^I^ Lo jJ^ ^^Jai^ ^j-^l Sjl^LJI 

i^aLJS ^ k^jfit^j iJj JS LjjI jJ-j ||J ^f^'^ jj-jjL,^ 

iljjj^fl ^ oUcjIj J^-ij oLoIji jl t^,J^^ jljj Oj^^ .J*>b3l 

il*-j9- c ^2nJi*^',r^^ CHJ^^^^ ''^^ ^y^t^iJl ijij . JjVl 

gpLu-l J3j .(j^jSfl aI^Ij lyajjj^Ji MiiU- i^JJl t(rotor) 

li^iUJ c-~Jl OL^ jl jJlII (NTSB) ^ ^1 Jiiil ^L.'jL- j^^JUo. 

ol yLlail jbJbJl J . 1991 j^bj^j^ fj t/^l 737 

(Spilmanand J*>iJLjLu- j OUJL*^ JJ ^ Lf:::>-JL«J ^ oiUa*j| ^jLiill 

.(1995 ^U) Stengel) 

^ ]J\ ^1 ^ ol ^IkJl l^iUJ j^l oLol jjJl ii ^ d\ C}^^ 

(Johnson, Teper, and Ol^^-k!! t^^^**-" a^JUJ j^^^^jj tiij^^ 

.Rediess, 1974) 
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Integration Methods and UJUdl JLOVl^ J^^^l J> 13 - 18 
Oosed Forms 

t^jUJl j] oLulJL^i ^1 Ifu, o^y^L*^ 

o^^aLui ^(^^Ji^ci--^ LJjj cJl^ lip L,ljj]| 6jLm ^ o^^aLw 

AP^^I oU^^SLi oNdU^ t^^j (4^^k»J| 4P^^| iZj\jj^ 

.5 ^lUj iJUJi ^Ix-i I^jI JU* I^JJ jLiJ S ^liJl ^^*lJi:^l 12 Jl 
^ ^Ui**Vl f^j^y Jjsl^l oLiJjIji- ^ 

Jjol^ljl oL^oJjIjii- ^ JjJbJl ^^j^JL^ <^J^ L?'^' jj^ ^j,<al!li 

jj-lJuJlj i(F. B. Hildebrand) jUI^jjULa JJ ^ ^^^1 Jj^^^*^ i^JLi^ j-a 
.1956 ^Ip ^ (McGraw-Hill) JjAj/ iiL. JJ 

(.kli |JL?-lj LL-j- t^. 1 la77 t (boxcar) «J-iJl (Eulerian) OIj^J^ 

i^L«L9> LqJLu t j.'ft « li ^Ua^Sfl 0 n (c^LiiL9> Sjjd bjj^ 
/jL-dj ip^l jL. t^lJb-l OIj^jj 4^ .^JLi^d J?-JI 

Jjji? ^ yLJl 4-JJ>jj| M-*i>Jl ; > ^JLklJ ^^^l-oJl j|jL9*J^fl 

j^j j^jL-jj iJUJt u^i ^iJb^ u-jJi 5iL^)fi 

J iiUJi ti>oU oljLxjj .4Jlj 0.05 i-jj ^ S^U l^Jl!! 

iuJi oUli- ^.iJL^ iJLsij juJi <^ yiiii v-^i 

.ajuI^I i:>-jjJl (Runge-Kutta method) Lf^ ^Ij ^y^j tnX>.iJlj 
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.(12-18 JSlUlj) (Mdsa and Jones, 1973) iJUJI iiuil jl S ^IkU JlJb^l 12 

JSljl il- tj^UftjJl Jaji^l iijl cJj j_^j3l J>^l 

(^L«L»J| Afi Cjiflt ( ^pl^l IJL* JLnj ( SJbJLP ol J ( 1950 ^Lp 

ytj ^ aJLojcJl oIjL^pJI JLi:Lii As>j*^\ OjA V**^' <y 

tils' olS^;W?ll oJLA ^ ^IjJ J-^ 

1 0 J j] ^ (Ling - Temco-Vought) o ji _ - ^Jl-J ./^.a (^jJ 

^c^l t^JLJI j^^^l 01^1 jsljl t^^L»So 

syLkU ^^^1 JUaljl ^^U^ Oli J^*if cJj ^L^l iiJI 

^yj3L jJjLiI ^1 b\j^\ iijy oJLi^jj .1970 ^Ip >ljt 

JjilSoJl sj^ tiillA .p-j^^l ^jO^i i^dp ^^^I (_$jJl tixjl^l 

^^ y ^b^t ^ Lj Jjbu J ^JLJLaj IJa^wji ^ Li Ij-fJ (^^1 <j J 

^^J«J <jIjlJI 4.kij (Adam-Bashford) ^jjjaJiLj ^aT cJLS' 

tcJjyj^ JLkJl ^J-«-5l i»LLu-Vl ^UaJ C^JL>.L-.| 

La^^^^ ^ (J j^] j .0 yLkil aS oV^Ljw aLbI^^ iiilitjo 

tiJUdl <J^JJLil Lr^ ^Ij iij^ Ji'J^ <^*^r?^l t/^^^^*^ (j^^ 

cy^J^' C^^* <Jl 3t^l^ <^^^ ^il^l olflT.ufl ^l*-i i-jL*:>- J|JLI*-»1j 

,AJu\J\ a^jjS\ ^ gilj J-IS^ ^ jJLj JU* iJl^* ^j^' 
IJLaj .A^^^^Ljdjjj^l S^lj ^jj^il o1S7m.< ^^Lui 4^L»9> ^ « .^7^ 
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Sf-^^ Oj5o tLjlijl tlr" ^'j ^ tiJUJi 

1972 ^ .j^^l^a^Jl J\ ol^l W 

(Albert F. Myers) jjAj* JJ <>-jJ^\ ^ 4Jjj«-<Jl ^Ij 

HIMAT 'LSjJ>\ d\j^> 1978 ^.U ^ Wv-^ J • 

.(13 _ 18 JSLiJl) 



SUBROUTINE fNTGI 
C FOURTH-ORDER RUNGE-KUTTA INTEGRATION 

DIMENSION Y1 (40),E1 (40),E2(40),E3(40) 

TSTEP = DT/2. 

DO 2 l = 1,N 
2 Y1(I) = X(I) 

CALL DERV1 

DO 4 1 = 1, N 

E1(I)-TSTEP*F(I) 
4X(I) = Y1(I) + E1(I) 

T=T + TSTEP 

CALL DERV1 

DO 5 l = 1,N 

E2(I) = DT*F(I) 
5 X(I| = Y1(I) + .5*E2(I) 

CALL DERV1 

DO 7 l = 1,N 

E3(I) = DT*F{I) 

7 X(I)=Y1(I) + E3{I) 
T = T + TSTEP 
CALL DERV1 

DO 8 l = 1,N 

8 X(l) = Y1 (I) + (El (1) + E2(l) + E3(l) +TSTEP*F(l))/3. 
RETURN 

END 



oUiLL. J^l^- ^LuL) OijJj^ i^'A^ y,^*--^' A 12 - 18 

ACA Systems, Inc. FLIGHT : ^) _ J*-jl)I ^lA^j^ COMMON UJL*J 

.(program 



506 



^\JJ^\ ^ ^J^\ d\jj^\ ^ >SII ^\ ^J^\ 

^1 JjVl ^jjJl ^ Ua^Jl ;JUU:JI o*yiU^ jJlUJI - JiLitJl 

OUU-^J oLaJL>s-o tj_y>-j_^ J^^-^ CP^^r;*^' J1^^ ^»-^^ j-si?LlP (_)i-<M 

^ jJi"! (j-J Ujj ^LjtJtJl ^U-ji dJLIJLj ' J-«^ ti*^' 

V J-i^ J-f-^* t>« US' .12 jl 4 Lg-«iJ A ^LkJl ^ ^ oViU^ ^ ^^ikJl 

.ajjJjVIj tjjj^T jj^JUa^ iiUA (ijl ^ t (Juri Kalviste) 

steady state Solutions aJU-l 14 _ 18 



SUBROUTINE INTG2 
C MODIFIED SECOND-ORDER RUNGE-KUTTA INTEGRATION 

DIMENSION 0(401,00(40) 
C STORE STARTING VALUES 

DO 1 1 = 1, N 

Q(I) = X(I) 

DO(l) = F(l) 
C ESTIMATE STATES AT MIDPOINT 

X(l)-X(l)4-(DT/2.)*F{I) 

1 CONTINUE 

C CALCULATE STATE DERIVATIVES AT MIDPOINT 
CALL DERV1 

C UPDATE STATES, START TO ENDPT, WITH MIDPT DERIV'S. 

DO 2 1 = 1, N 

X(I) = Q(I) + DT*F(I) 
C PREDICTOR FOR STATES AT MIDPOINT 

F(I) = 1.5*F(I)-.5*DQ(I) 

2 CONTINUE 

C UPDATE THE TIME 
T=T+DT 
RETURN 
END 



^j^l J^l </>^' 13 - 18 J5LiJI 

iiJL ^^1 |M c^ji\ s5* sH^' '^'-^^ oUlJL;.i-*if 

aji jI .iiLLi c^UiJL. X . SIM2 uuii ^ jj J- jiyjy 

ACA Systems, Inc. FLIGHT : ^) - J^oJI ^Uj^ COMMON 

.(simulation 
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.Syiyi ||.^ jjM-^ ^'j^b ^^t^^l oUjL..iU 
^9 Lg-S* .J ,/7 W (_^jL-J ^^yt^L^r <i*^j-5l ^'J^ S^LkJLJ 



AjL>c1*-VIj (, jjJbjJl ^jj" oli.;W?H dj^j .(2-18 S^^l) oLI^yia-^*^ 
.(Optimization) iJllaS I J t(Covariancepropogation) ^Udl yiJj tijii^l 
^Ujl JJUciJU U\duy\ iJUJI olj*ii- Ufljl c^jliil ^jj^ ^Jj 

UIjlj jjiil oljjLuJi tp^l :La ^uL^i-l oLjU: JL. tj^^r^Ul 

LI jj ^ <***»L-Vl ^liii-u-l ^j^^ tAjLfiiLj .jW^' 

^jaiUMl) 4jjL«JI jjjJlill As^ ^ ^.^^J^ (aileron) 

.ii*jliJI ^jJI ^ (trim) jjl* 

^ (Stevens and Lewis) j jJ» JLoJ . j^^l jIi»mJI 

(simplex method) jm<;L.^^..^ ^J^l 1992 

tLuoLoVl oLpjI ...tH oLjtj^ ^j-o.j>«^ ^ iiJLSLH (function) ^Lj J^Liuj 

Ajjijj ^0 t (thrust) ^jJI (multivariable optimization) 

iJL^ UjJLj (Abzug, 1998) Uii^l iiJUJlj W.„a!I ^,7i>7 
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JJL2:J SjJi^ ol ^ ^iJijj ( ^^AjJl ^L»i]| JJL2i] 

Equations of ^jIjJlI <uJt. C^I^^JaJL) o^^^U^ - 18 

Motion to SnborlHtal FUght 

^^j>^\ Oljjiail (suborbital) ^^jlJuJl <^ Ol^^l 

(Constant-altitude flight c-jLJ ^LijjLj Ol^^-iJl oljL^ji (j-HLJ-*^ v i . .^jj 
0 '(^^^^ y "J* u^j^* 2^;^ J trajectories) 

,^L>rL.>fl <i Olj^taU i>JUtf <^y^ c-JUa3I ^» ...>Jl iS" ^ oV^Lrjo 

^y>ji\ o^fl^ ^ ^J^^ -(1972 ^U) (Etkin) ^ <iJ>^i 

o^y^Lju. 4> UiTj .(aJL^^" ^> <^^U^)fi (Kinematic) a^^I o^y^LjcJl 

AjjLLi ^ L<JLu (<JL9> aJaLnji 12 aJLiL^ (AjaLmJI Ju^JLi^oJi 

JjoL^ .4^^k>Jl oIpjL-JlU SiJbtLaJl <I^-o-«Jl o(jL>Jt jjo SJLp-Ij Jai^ 

syiiaii OjSo fj^^ ^ ^jVl 

.^i^u^l jjU^ JaSi oIj ^JlkdJI (products) ol^lJ^I j 

jyjVl Oljji s yOJl aUS^\ Uai-'AJI o^^iLt^l vi^i 

(Rockwell i-JjjJl J-dj-^jj J^*y cuij 4^)a\a^\\ j\ ijj^^l 
cJj o^y*i-lj t^jjlJuJl j^UajUI iJ^jSLJI ^ Jji>iJL! international) 
^JLil ^.Jij .(NASP) <^jS\ 4*sUiij| S^UftJI oL-Iji ^ 

^ ^ t^JUl tSD78-SH-0070 Jj^jj 



509 



^Lj ^t^jlJuJI ^_^Ls4ti3l ii^jSUJli (Powers and Schilling, 1980, 1985) L-UI 
A-^y ^ t (Obiter) (^jIjLqJI J-Sj ^ oL>«J^fl oLuIjj-J iJU^ ^J^j^ 

i*— jJL ^,_i-Li>«JI oL>tj| jjj>t^j (_^j|juJl (_^^jiA-L-gJI ijS' j-LU ijiiSH J <j3j-«jJI 

^1 (^iUJl (^JLlI (^jlJUil ^l^.^«Jl 

(l^^^jui ^^SLi 15 ^ ^i^Uo^JI Oljjj^ ^ (^JIp 4iJb oijLJI bfij 

t (pitch) ^yJl ^* i^ly^^fl :<^JLJL5iJi ^_yix^l yjj ijij^JJ 

^dj^ OJ .<^XoJl aXkXj i^^LoJl oL*i|j3j iOI^^JaJl Sd^^ 

iii^ ^ ^t^ij^j*^' <j**'-^' «>■ ^'^^'^'j syUftii 

iJL^ oULu jyJLpli JU* J^LL>JI asliu-j ;jyfclJl 01^1 oLS'U^ 
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^ 4jJLm LfLji>J 4l^J>J| 4^ ^1 ol jj I i ajJLiil 0} 

o ./To!! j_y-i-JULjJl j^r^jiLj ijjLLo caLjIs oU-LJ <L:>-^ t^^Ji 
jIi^mJI jL»*JI jjk IJLa Oli'j .JLjJI ii^l 3jJL?- Oj3 

•l^'AJ lijVjS\ ^f^>^ 1-15-18 

Heading angnlar velocity oorrectloii and InltiaUzation 

(^,..i.:>Jl jjUmj (heading) aL>.:i^ hj^j^^ as^j^ aJLUI 4umj^j^\ 

. (local meridian) ^J^>^\ JljJ^I -lai- J*)^ ;ja oyciJi {j5-2>Jl JLo-iJlS' LjJ! 

1 1980) ^uJLJ-j jjLj ^ii2**i| jlSj ^qpS^^ a-— aiS^^^ c--— j>ej 

.aliiJ&l J ^c^j>>v2::]| IIa (1985 

A-yJis*- L^Lij L****>o Lfjijji ^ jj^j (j^J^ ij^Liil ^y*■^ 

pJiAl i-^U- a-lSIjlijI ^ pLkpJ ItaTji IJiAj .(^jIjuJI fjy,,., « II i-— jJL 

ajjIj ^ V'JUjI ^lJL».i^L o-li>o jJUlJI JSLliL a^IjijVI 

Suborbital Flight Mechanics (^jtJlit aJL jI^I oUf 16 - 18 

ikoJl ^ LbLqJ ^yVl ol J-g-jJ AjiUil C)l^;:ia3l Ji? 

ol^*lj| ^jOJu dULlA 4jI .j,JUJl J jl ^^^fl ^JLl^ Lff^^ S ^UaJl 
^|^^^1L>mJ| ^ dJL» JLoii ^AjjIJUJI <^ <jUJl <aJ ^ C) An^nW 
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yljJLj iJU ^ <J^\ syLUl oL^^ jlUj 

(Myers, Klyde, McRuer and v^jSfl S ^1 Jj^ j oljL»*j| 

pU) AjtJl p-l^^l iJub JjLaJI . Larson, 1995) 

j^^^jLii d\j^\ ^ <j^^WlJi oV^i*^ ^Lji-^y ^ (1914 

JL^I IJla ^ ^kJI o^^^ . (altitude mode) ^Lajj^^l .kJ 

(Lateral-directional real mode) ^W-jI - cr^ie^ i^liAj 

tiJjji»Jl iS'^lj tt^dljJl i^JlJ^I i^r^JiJl i»UJl AiL^^fL 

jjbj c (kinematic mode) ^^,jhJl W o :H Lyiul j^JuJlj cm-j»-^jJ|j 

la .ft*, it Jlaj\jlj ti^LstJi ^Lb ^15 (j.'^jij JLlPj .|Jb»- ^j-^ ''-H^ ^ J^*^ 



Additional Special aS^^t c/i:\A a^ULl UU>1 JlSLi^^l 17 - 18 
Forms of Equations of Motion 

a£ (point mass) iJL:^! ilaiJI jl (trajectory) jL-^l o*ydljui 

SJLjjLb OJL?-j t (torque) J-liJi jl ^J-»«-Ji oV^Ljljs 5^ S? a « II cS^UaJl 

iiiiL^I oULjJI ^^ lJj>-\ jiA 0 jl t>«iJ^ (functions) ouLi j^fji^fl j 
Uj^ S^li-Jl (attitude) ii^^JLJl o*^JbJ <j>*-iJ jl ^ Vju tik^-Jl 

i3llA ^^^^ t5ijJL>J| 4-L«J^I Ol y j^.ft^i ^ A^L* j yj^.o^i 
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4p^j*»*ji .(Strumpf, 1979) iijJLJl ^ ol ^^JJ 3^ ^^iia]! ^ ol 

.(AbzugandRodden, 1993) ti^^f jrt ol^^liaii AtilS;:. 

J[j jjuiJ s ^liiii o*yai*J ;iki«Ji is^uJi jisLiVi i-tsi^o 
.tcij^i syiyi» j^i ^ 

^IjjJlj .(1998 ^U) (Bemstdn) ^^li-lJ^ JJ Ijfc^,^^ »Jl5 tJai-J 
ip^;— Jlj o^Lkil jL- ui oLjijJa-^^fl J-JLiJ SjiLS CLuLS" ^jJi iii 
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The Elastic Airplane 

iSy^\ ^ ^4^^*J^V' o^IjuJI (acrolastidty) ^jj^I 

y A^U ^^I'J^J (J*^' iUij! J (aerodynamic heating) 

ajj^j (aerothermoelasticity) SjI ^pJl ajj^ JLb aJU ^j:>- oIjLxj 

. (aeroservoelasticity) t^j^jJI ^JuJmJI 

^ *M.y : ^ < ^2r* J-^ ^j-?^' aJj^-^JI oIj^Ij Oj-.jlc'I jlsJ 

LUoi ^ ^L»j J * ./I'i'i J tlJL>- Si^^i>.j» "^j^J ilj^l* O^i 

La ?4j ^ ^LIj ^^u^SfsM iJbJL>Bj »^^.«JJ ^^^^ t4lfli»l< 
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S (panelmethods) oU>jJDl jt (finite dements) 4^^7u!i j^LjJI 
3^ UJiLl ^ujliL JS^fl Jj> .i-U :Li>i. 01 cU;^- Jl JjSfl 

jl ^^fl Js^ hj>J\ 4ljjJ\ J^LL. J;^j 

Aeroelastidty and Stability and ji^L^kiJlj jtj^L^VIj IijJlI 1 - 19 
Conrtol 

jl ^;5i-.*ifl f^J^l^ (1972 ^Lp) r^Sz}^ djU^ Japl JLiJ 

(quasistatic deflection) diJ^^^-u- *-JL5l olil^^VI ^^.::dJi 
4j j-ti]| ol jujljJI jyJn ^j^^ : 4J j^iJ\ *Ji cjUI ^^yi 

tUpj .(cJL^I j,-*:>JI oLS"^ olwy 1^ JSL^I jlp^*^ 

^\^\ C)l^)fL» cJUaJI h— Ol^jp-j *UJ^I \_f^ 

j^*-Jftj| J-JL»bj JjijIb* f^jL^j 
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;ik*jSl JJ ^ SjJ^I A.f,M\ dlii^ 

Wing Torsional Divergence J^* 2 « 19 

^ (torsional divergence) JLpLj vl* Jj>.jj j jI ^^ii^^l ^ aI^LLa 

jl j-fll^l aJL^JLjo |JLjiJL>cJ (J->^ ^'''^''^^^ (J^ JLpLu •^Jj'«^l JJ-^^ 

(Halfman) C)U-fi^Uj t(Ashly) ^^^Ij t (Bisplinghoff) ti^^iiJL«--J LSij 
^ JLp jJlvoJI Jli^^y JiSj^-Lu- y"^ ti'j^l J-^ t(1955 ^U) 

JL* 01^ tJLS'^ JiLiu ^ t^JLJi JiiJI jl*Lj 0! to*iUJI «JLa 
D-8 S yQ» Jjt cJiJL^ LoJLiAi . 1917 ^Ip ^> '^'^'^ 

.j^L»Vl JUa*i( JJUbd 4jjL-uo j^jaUJI (rear spar) JUoxii S y d\ 
i(Sj>-^\ ji^ lJ^\jl\ oJLii LjiS3j tD-8 olyLi? ilj^ j_yJLp JLili ^ 

: (Anthony H. G. Fokker) ^ 

^1 4JLs^Uj ^jU- tJL*JL:r L-Ll?. 

jAJ ^ Jj& fLa^JS Jt^^^l jlS' .LaI^ ^ (sandload) 

.sUi ^ >t ./VI is^i ^^0* ^^=^ ^1 ^M^Vi 
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SaIp^ (^^^i JL^AjJl |i^J^ 4jaj^[>Jl iLJ>mA^ LaJlP jCilJl J9> Ji^j 

^j^l iJ^. ^y.JLMixil o-j M-^^i ^j'iMl V-^ 

jj^Uai- Oi^'^' (>• JjJ^b ^JLi-L-il JLiJ 

Jj>-t (warp) o^jlp-^I JjuL <iUij t^Uij^l j_,i*-JLj 4j>ti3»-Vl 

TheSemJrrgkl ^UJLl Jii JLpLiJ cJUoll ^ I^jMa 3-19 

Approach to Vfmg Torsional Divergence 

.yip <aU-j 

.(Fung, 1955) ^Uj (Duncan, 1943) jKii tjlljl JU) v-b^* 
jL5J jI ikSJ J ^ jjJb j^JLlI ^'lijjJI ^JbLLo (Fung) 

iiaD ^ oUJi Aj^ jy^ ' ^^^ip Ip-IIj 

<J iZJ^ *y (^jJl Ol^^l j5 c^bj>Jl ^iai^ ^'jy J^jt 

(^Jai^l jjj 4Ja2j ^2^^ Vi^' ^LJ^^^JjiV J^-^*^' .^ll^Jl ^iaiJ 

ijjij ^ (pitching moments) ^^Jl ^jJp ^JiiJ *if L^I^ iiaiJI 

.(1-19 jCiJi) 
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^ka^ ^LJLl JlJLJU.1 ^ .^LJUl j£i jL^LiJ ^^JUoJl 4^ 1 - 19 

^ .ajj^I V^K^ j^DI JUj .^Uitl ^jj^j^ Ji£ J^^j^ 't/r-^^^ 

Fung, : j^) djJL>^ (ijjJb J ^ jay^\ 3\AjSj . JliJi JLpLJ ^^jJl ^ ^ SdLj 

.(r/re 7%eor;j; of Aeroelasticity Dover, 1969 

4Ja^ cJLl* ISU .^Ll>JI ^Jj-* f^ji^ (j^^ ^j^j*^' 

5^j-«Jl ^Lj^jLj JbjJ equilibrium angle of attack cJjlj^^l ^ fj^M-^' ^j'j 

oljJcJ jl c^LjsJI oLjjshJ-o (slopes) J j-^Jj cSLk*^ jj^^* '•^Ij^j 
.JLi OjJlj ^j>^\ ^jljj J^liil ^jlj ili^j J-^ tdUi JLlP 

Republic F- ol ^U* ^JLp ^Li:>»il Jl^^^ J^UL* J »JiU^*; Jiii 
<Jlji»I ^ Sj--5 ijij oUljJ^j OLjijj^ Ol^'^lj cF-89 *-»jjjjjJj c84 
iyj oUI> vrjl^l Ai^liLJl OJU^I .(PhilUps, 1998) ^L^l 
el* cJJL^j c^L^JU j^^l fLoSfl c^lj! F-84 S^OiJl 
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The Effect of Wing ^bJL| Ji3 JLpU ^ ^! ^1 ^bJLl 4 _ 19 
Sweep on Torsional Divergence 

MjJSli ^ Jia:l\ t^ljlJl ^l^'?^ ojiUlj oJLajsJI oIjjjIiJI 

i-iUJi ^1 ^^iJl ij^. ,^^^^\ Jii jpLj ijlSLi)f j^'^S 

4j^j*»- jftx^ t.i*3>j ^uVi ji ^\ ^i^^i ^r*^ ^j-ij 

^J-?^ ^J-*^ (>■ «-liJJLj IJLjJji tj^^L>»-«Jl oLy^jNl ^jJl 

JL? (wing bending deflection) ^L:^! p^Ll^JI t^b^Jl 

JLIP Jliil JLpL: JjLJjb LiJ^ tA^LoVl 4jJlilii (^JLiilJl ^JJ^JJ>\ <i^^*>Jl 

Jl ^1 ^1 ^L>Ji oi^*lii jyiJLji J jVi ^^^1 ;l,jlJ15: ;jLL. cJipI 

i*-Jl cJl^j (Pai and Sears, 1949) ^1^1 Ji* JL<*Lh «^ f^^^'j 

ijj^^^-U i***iL-iSli ii^LicJi ji^l s iJiiJi aJi^J sj*-«^i 

^^ J^1j«-J 4JL»liCi]| iJiU-Jl .(matrix form) ^^j-ava-Jl JiLiJi 

^Ip iXuoLiij^Vl 4j^^ial]i J^^^' ii^ JLfljj .j_^J>Jl jl ^j-Jl 

^ytjjP^S JLoJbl ^1 t (strip theory) <>»jytJl j^^' tl949 

. (Weissinger) y^V-dJ Vi^J ^(Prandtl) JjJlJI^ ♦t/^^^JjdV' 

^LljjJI cjL I yLkJJ iJL^-jjfc ^^LjcS" sS j-gJ( J J ^tii jlH j 

iJj^^l iJlijotj jlpLiJI jijjj ouoU- (Terrence A. Weisshaar) jLl-uj 
aILmj ^ ail v>^' "^^^ JjLiLoJl jl^^l (NorrisKron) 
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djj^ (Harry SchaeflFer) t^fjU ill— Sfl ^ 3»J^l— *j 

bjjS (^JlJ cPARPA) jlijUU oJLSi-Jl ilJ^^^I 

4»-ijJl t±..j>aJl a ''^'^'^ 3 SJLpI... oil Aj^Ip 

. (Grumman X-29 A) tX-29A OUj^ 

Afleron- Reversal Theories 4^jSC«Ll 4»-^jJl 4id oL^laj 5-19 

Ji9 JLpLij Aijjj <JL^ oli (aileron-reveral) ^^SocJl 4i»-^JL]| <a3 

^ A>,is^\ 42^kJI J::d]|j (torques) OljjJJI ^jj* c)l» ^h^^ UajJL^ 

^jjJ J^LS" ^UJJ iijJL>tj LaJLlp As-j^\ ^JLjj t4j>-^JLll iii 

J <jLiij Ujj .(2 _ 19 J^JtJO -SL-j^JCaJl i:>-^JLll iii J aj^-^jJI 

( (torsional divergence speeds) Jiiil jlpLj jI (wing's fultter) ^L^i 

LiUj (Ja2» ijj^ (t^J (J^ 4— j^x«Jl 4iA 4L»^ i-T*^ 

.olS* ^jLoLfij (SjSlkJI J^Liij 

J** Jjl Ja*— -J . (Etkin's quasi-Static category) 

j^^-^ J C^-^' cM-*^ .(Cox andPugsley, 1932) c-ijJl JJLii J i?-Li» 

jJLrI.«J| ijj^^l ilijJLu-l ^y^j Q^-^' <Jj-^ Lr*^-r^' ^-ia-5-gJl 

4*-i .^1 AjjLL. iluJL>- JlLi ilULjbj .^jalJl iJLfl tiJ^ ol^*^L 

^^^JLilj g . ,.,^1 ^ (^^la^ 4^ j^jL^I 4j>> jj^jJl 4jJLl t.^JUaj| 

.(1962 ^Lp) (Bisplinghoff and Ashley) 
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a ^UaJ! oULj .is-bll i:>- ^JlII ^ ^Li-( Ujj^ JL2L« 2-19 JiLiJ! 

ilp^ JUL* iL«JU)l i:^ ^JLII iii cJjb" .^JlS 4000 ^Li; jl JLLP Republic P-47C-1-RE 
.(Toll, NACA Rept. 868, 1947 : ^) apU / 545 



tijjj^l j-jLj Jl/iLjc^j iaii L-«JlJ| eJlA ^jJbtlj c <ja«*«Jl JbtJl <jL>Jl 
^'Jj>- jLjoLjtja ^ j^JlISVj j\ t j^jJl 4ii i_9( j.>sJlj ^ j.>sJh ^jlj SJL^j 
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(Alexander H. Flax) j.r....<3! j^Ji3l ^ tl945 cjlsjl 

ot^jj:^ Lf^t (spanwise) ^Ll>JI oL>iJL) ^^^^i^l J-^ 

(finite- Ji.|7;»!i ^L*JI tJljJV .(Galerkin) ^^^U iJL^ L^JL^ 
JLSLiSi i*j i^UJI j>Jl J»H t/^l element methods) 

. (assumed mode shapes) 

Atteron-ReveTsalFUglit 1*^ la^ aiJb 6 - 19 

Experiences 

^bl Zero <-JLjUl iJULLJl ^^jJ OL^ JLJLiJl i-^L«Jl cf* 

oU^^I Jj .aJU 'V^j^* jJj-«-^l oLiij l^jjiJi-jj (circling combat) 

ijjijil oU^^I Zero S^LiaiJ ^^^Sl^l ^ ^ ^aJUJI 

jp jiiii Jl j^jIjlIi i-i^j^**Ji i^-^jLii c)i 

oi^^kii Sd^» tkiJiiii J ^ B-47 c«:>.yi^ syikii 

l^l^j .(Perkins, 1970) tB-47 S^UaJl c.-<^ Ujlip (roll-reversal) aj>- js^j1\ 
a jSLkil J^ ^ ^ ^jJl alk\£ ilSLiuB i3LiA of Oj-JLju 

^iJli^jL-L .iJLJl J ^^JajJl o*Vj-^l LjJ 35 Jlj^ B-47 

(strip Jij^^l J^LSCiil 0^ tii^JI fciUi J cJLi* ijjLLi J-haj! 

4jj^I ^ OUil^ (torsial airload) JU^Vl (integration) 
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C)\ LtS .Asf ^jJl 4id JUj^t jsLmJI ^ti»Ji ^IimJI "HjLaaJI oJl* 

Aj>-^JlJ| 433 4JL>iij| ip^^l ^.^7 1 JLdij .^_ysL>^l Jjb>Jl 

: (Perkin's von Karman) 
4ijUJli ^j^l |M J . B-47 I ^tkJU C)!^ Jjl ^ Cr**^^ 

uu- ijLiati u* jiJui jii^ jj ^ aKjuAi aaisJi 

^jbM ju^ ^ j2Ji UUI ^ u-^ uiyb iai; 

fciUis' tLjL>. 4i Jbt^ LsiJb its' jLi^j-Vi '^i 

. B-47 1 J^^\ ^ff^ ^ s ^lu gsbJi saUI C'^^. 

ol^l B-47 S^LkJI ^jJ ^ t (William H.Cook) iJ^ |iLJ^ Uij 

^ (3^Jj| Uojt ^ (49-^JLJ| 4id aj3 ^1 JSIp Ja23 

I^^-j-Jlj JL?-b o^JLjfVl Jjuf*j Ld t (box bolted joints) o^L^jJl c^-^ iAp 
^1 ^ jLiP-l J^LlJI oJLa Oil J .01 jjA JS* JLxj J^-iJI LjIa I^^*-^ 
^ SjSlWl ^lijj ol tB-47 S^lkll (spoiler ailerons) 4:>-^jJl 

.ijibJl (flap-type ailerons) i>-^JLj| ^JIp 

Spoiler Xj^-^JLJi ^ j^bJLl Jii ^ i:^ ^jjj g^l^ 7 _ 19 
AUeroiis Reduce Wing Twisting in Roll 

tijyfcllaJl oIjIjjJLII ^^^^ J**^ i>-jp-JLil ^Ij^ 

^ 4:>-^jJl .B-47 SjJlkJl JIp CJIS" l^j Jj^l A,j^\ b\ jJLjj 

ti:>-^jJl oLj^ ^ J*' (Pitching moment) 
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ojJ 01^ if 131 ((GuyTownsend) JLL«-JjLj B-47 S^Lkll ^^Lp 

Sjj.JL1ji j-J> ^i-S^HJ .(Martin) S^JliJl oL^UJLj 

(pop-Up- Jlt^ VifciT»> I LUjLv- 1^ jW^t 

J,mJLj ^ J«^^ 2^ i^^^j CjU«jl>> jlu; scheme) 

. B-52 aiSUUI JIp U*-^ -b U ^liJI Jl y^Juj 

(prototype ^jVl 707 CJIT jUUJI ^ Sjlu^JI 

J:>-t ^ ^ 0*^1 |»lJL»iS^l jl ^ Ujlip ( _ 80 Boing 707) 

701 *tJ ^UiiJI 1JU vJuJI . (mixerbox) 

f ^ |i^^»iUJI ^ ^JJI Sid ^;*£«Jj .SaJULi f UJL 

.[3-19 JSLiJI] t5j1>13 JL». ^L:».l 

LfJiLj ^ tj_yJL>Jl j^-So^iJi Jj>-! ^ ^'^^^J^ (Jj^^ jj 
JjbLw j^fcj (a^s^ji^mJI ap^^L ^,J^j>tiU - oLj^ J^U- tjL:>-t 

.4ljJL»Jl oLjUJI ^ 4aL:>> j 4....: t ^>>l ^^1^1 ^Lii>JL! ^^Lj 
L- JUfS'jJ ^A3D-1 ^^Ipji Jl>o tolyUail '^jtr^ ipj-«.j>t-o ^ LjIjJj 
DC-8,DC-9,DC-10 ^"^Uj^ J^ji ilLo ^SSOM j-^iJj^ ^C-5Aj 1011 
777j B-52, 727, 737, 747, 757, 767 ^^^j ^A320j A310 ^b^j mD-llj 
(slotted J-lu ^li^l oL^ LUj y ^ L-JLipj .(4 _ 19 JiLUI) 
LaJLip JJLJI ^Jlh- f«X>J 4*iftjt ^ SjLp ^1^1 c-pw, ,/*] ( wing flaps) 
xj^ j^LfJI lj3 ^ UL^l JjJbJi tJiL-Vl oL'iUil 
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r 






.(Cook, The Road to the 707, 1991 : ^) .oL^I JJ Uli 4 (slot-lip) J^l ^ 



Jak^ ^1 Ji\ Ail^^L 

^Iji" d J .2707SST ^^^ii-<J ^jjJuJl ij>-^jJl oli^ oU-;-<w2j 

2707 ^L:^! J^l t^JUJl oU^I ^ ^Li^' 

.(5 - 19 JSLlJI) 



526 




J SjUi-i jju^ J ajjULi oUi:^ (slot-lip) aoi ^ :)i-vu» 4 _ 19 jxjji 

DC-10 j^-iU JJjA iJU : ^L^UI JjL^^ SJb^Ull y UJI oLp^I jllp ^.JCp^I SjOS 
(flap-type ^5 oLtiU flJLi^l ^VIp^^^ .( 1011 JL^>lj (J^) 
NASA TND 8373 and : ^) L^l oU^I ^ IjJu^ jU ailerons) 

(TND 8360, 1977 
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Aeroelastic Effects ^^^iUl ^^^1 jl jliJ)l\ ^Ljj^l c^\jjh 8-19 
on Static Longitudenal Stability 

^ <jj-s^\ Ol^b ^ a J J .* : 4 OL-Ija 5JLP iiljLft cjli" JlLI 

^^^1 lJu .1942 Jl ij^- .^jSLJ\ J>JI jl^Ml 

(Richard B. ijULijj ^JJ .1947 ^Lp LgJ cjlj-;^ jl t5Jj-oJlj 

^t.^3«ei]| J jl _^a.i>^*yi ^ aj J ^1 ol jJIj J^Lflj j^yi*^ ^ jij^ NACA ^ Skoog) 
JJ <^(tisfl.Jl J-«jJl jj-L-l Jlp (Skoog, 1957) S^^LkJl el^ ^ jSLJl 




JU* VUi (spoiler-slot) JJL ^1^1 til ^1 Oj^i . 2707 SST a^ysj a>. ^jJI 
Perkins, :^) . 1 jllp <J^I ^^^^1 aj».^JL}| Ui^ ^oUj^i 

XJournal of Aircraft, July- August 1970 

- 19 JSLiJI) OjS:^ JjlaJI j,.s:>.i]| J jl ^!5U ^UJI JjJbu- 0! JL>-j 
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.(^jJl ^ ^ (_5t*-*-^^ ^"^^Jj ' ^ IjIa ^1 ^^^i>cio 
Ji^Sfl Jl ^,-^1 S » ^1:^1 J-^U- ^ ^ Jl /Nl IJLa ^UJl 

^jJJ A^i ^\ iS^}i ^^^^^ .aJUJI ^Jjji ^^Ja^j-^' 

|,_«,.>JLJ (_^ij,ojJl p-Li^tJ^yi Jjti ''^^ J^^^-^ '^j*^ 

(Collar and Grinsted, 1942) aJlSI^I jjl^l ASi Jj;*- «^Uaj 4^^l 




0 100 200 300 400 500 600 .700 800 



^.^1 S ^Ikl ^^,^1 4>JI jl ^ (flexibility) Z ^UJI ^*UJI 6 _ 19 JSCjLJI 
adi ^ 7 _j ia53 ^USfl J is^ly VM-I ^1 'Sf Jl** ^Uoll . B-47 

.(Skog, NACA Rept. 1298, 1957 \^) .^Si jl 500 jU* ^Ij^ Jai^ JLp 



LoJJkP CJ J 6*>Ip1 iL«JL>eI-*<Jl ^LS'LJI Ajjj-<Jl JJL>elJ iL«-L***i!l (J 
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(Pai and Sears) jjj^ J Lsi ^^^^-i^^ Jj>LfcJl I jSLjJ\ 

^ ^\ 41950 ^L* NACA ^ hj^ S jSJu» (1949 ^U) 

. (Harvey H. Brown) ^jlj^j (Richard Skoog) fjj^ ^ j^ijjj JJ 

ajm^I 4jL>b:Luif^fl «^^^ ^ ^ ' g ' o^Lp i^LiA 1954 ^Lp ajJL9«-! 

:J9jytJl aJl* ^ ^^^Ji 43%J| aJjb 

i^JL^I ^ yW J2j ^\ jS ^ yS Cii -^^^ ^^J^i»'^\ 

B-47 (Cole, Brown, and 5 yLkJl ^ Lu^j^ iS^UJl aJLa oLjJ ^ 

.4-aJ j-^ ... ]\ 4Jj^-«J( (i j-U j^yJLp LbLa L,Aj>ti 0 tHollcman,1957) 
iJj^**i <**lJl ajjjj9^\ iij^ i)jL2-«J oJLpUiLi <i*)UJl oJLa Oijj coLjlJLqJJI 

. B-2 jyjy iutoJi ;ljlJi 

stabilizer Twist and Speed jI^Le^Ij OjljLl JJL^ 9-19 

Stability 

Ol ^>^^ Ojlj-Jl <i3 ^ (1942 ^U) JLi^yij j*^^ JLi] 

,Xs-jj^\ ij'^lLP-^yi iJlA ...jij .4jjIj-qJLJ Ojj*^! ^j-^' 

LljJ jJLp! iiLp*j ajjI^ oliJb Sijj-Jl oiy Lkll ^ t,,.JLkL^ 

U-* tJjLjJI j^l:JLij fj\ Aly^\ Jjji^ oU^I SdL^j 



530 



IfliU- Jju^ aJlA UJULP 01^ f^j^n'W ^JLili 

4^jiLiJl AiUJi oAa <5a J .jJIpI ijlUJl 

JjL-I A-usLoSfl iiUJi 4-,<aL8 '^-^ tji--*! iooLoI ^-''^i^H 

5jj-uLJ| JUapVl ^ JjJ*-^| jjb iJL* 'J^-S^i^JJ ijJLpJl 

.^bSfl 5JIp ol^Liijl jLWl as Jl Uii j^lj 01^1 J 

I^L)^^ SyLkll JUap! fj^*^ c-*-— Jl JLi IJla c)l 

.(Phimp8, 1998) 

iflSlj Jp-IjuS" Ojlj^il J'Aijcj iSLcuJl iJj^l il^JLo 01 

c)| .Sjjli«Jl ,^4^ Ck>Bj S ^Uail ^^n^ts^ ^ L^'j 

*j:JL?j .(Pimps,1998) tF8U-l OjJ syLkJt ^ iJ^^-,^! Ju.U 

Dihedral Effect of a 0>l LJUDI L>jI>)I ol^b 10 - 19 
Flexible li'^ 

i^l JL* .^LljJU i-slil3l ^ujljjl ^y. JSLlu iJL^I * J^Vjj^fl 
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t jiLkll Jwii- ^\ j^Mi 4JI>I 




iji^i o^J^^i jJMi (jj .^JiiJi ^lijJi 

^jA--! SjJiLLi-^l vr-^" tCRodden, 1965) SjJiUi-^i 
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4XA3D-1 ^^ji 8 jSUaJLl VUiJi 4ijl>)l J\ ^ -^^^^ 8-19 Ji^^l 

Rodden, AGARD : ^) V^^^J' h^^j^^ / <J*^ 

.Report 725, 1989) 



2LJjX*-i 4jjjkl ^ ^J^' j-M^lijJl 11 — 19 

Finite-Element or Panel Methods in Quai-Statie Aeroelasticity 

0 ^LkJI ^ia*- ^->.>^aJ ^ tijfii^l j-^LjJI ciL^LuAj^l ijjLi^ 

Jltt^Vl .A^IlJl ^^LjJI jl (Uj^ Ai ol:>-jiil ^ JbJbJl 
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(OljjJl Js^L^ (c5^J^t ^llxil iiLalLjdjjjl 44J^ ''^^^ 

(^Jbj-wJl ^Uaiil ii'^piJ •JljJ" jL>^ J y^'-* ,^J-! J'JLiI 

(Sven G. Hedman) O^JUk ^j^i- j 1962 (P. E. Rubbert) o^jj JJ 
JJJ .SyLflJl j^^-^iiJ ^LiJ 4n tj^l^l U965 |iLp 

i^j-*- ojL^^j (Arthur R. Dusto) j-s— jj-^j^ jj-^'J^-i' 

.1974 1968 S^l FLEXSTAB (Dusto, 1974) 

J^-Jk ills' j_yA iJbSUl A3 ja^^W J j^^l oU ^^i-v<a.o J t ^JlSLfli 

ipj-u- d cj\ jiUaJl J tDC-8 (^^^ j3 J B-47 <J ol yQaii 

i^jjjjj A-iflJI AjiLSii oJLSjco ^'Li:^ J^j* iaSL-m JliLtfj tii**-^ aaIj>-j 
. NASTRAN oU jUl cJliaii t, J y c-jIS oi ^ li» j B-2 

JiL^ 4,^t;oH ^IjjJI JJL^ ^-^^ ^^y- ^ NASTRAN j 

j*y JUjjJ- _ JJ iiLo aS" ^ A^JLuj (^JLil jlJU^^f I Jbj J JLiaj ^JL>bI--jj 

g^iUj Jl dL-lJi J ^.JU j.^Tuli ^lijJl g^iUj AsL^l ^ t MSC/NASTRAN _< 
U^j .(9 _ 19 JSLUI) J A^ *1 JjUj IjLa JSULj CjI 
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t (E. Dean Bellinger) j_>«jlJLj_| j ^ jj f»LJ (Richard H. MacNeal) 



. (Donald M. McLean) ^ iiU jJUjij t (Robert L. Harder) jijU 



« 





['.] 




["'J 



Oy + 



oU-U- . NASTRAN iJ <ui j^Jli ii^^l o*^iUI ^ JCi 9 _ 19 JCiJI 

Rodden and Johnson, eds., MSC/ NASTRAN Aeroelastic Analysis User's Guide, 

.(1994 



Aerelastically Corrected Lijj^ ^Lmk^) oUi^ 12 _ 19 
Stability Derivatives 

(, L) Jj^ 4j<J>r \\ ^.^S>zl}\j j\jA1j^^\ oLolJLo 4> iljJL>Jlj 

oL^jbL-^ 1972 ^Lp 5>f5ol ^^lli-*.! tjLt-Jl .cJuaJI p^>Jl 
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. (Collar and Grinsted, 1942) ^j^L^I (.^^ 

l2jJl^ IjJUoja 4^^4IUJ| ^^LjJI iijff lii .Cy.l./rll adJL>«^l 

4jj^^I jJij JjJbvlI ij^l^j^l (jiJl SjSLjftiJ a^^JtjB jM^I ^ 

Mean and structural Axes ^k^jillj 4JISL4J) jjUJLt aLs^ 13 - 19 

ii^-lLgJ A^^^ ykULo ijliA tifl^^l ^y^d c5*^ 

4JL«j>- jlip L.iL*it J^jj «4^(ju»- jjl>6*3l 4JL«j»- <p j.«^cjs 

j^^ii^l w^l jjlki ^1 tUSL^JI jjU^il *Jj^1 jUJI 

jjL>«Jl O^j .JLUi]l UiilSL. jl oljLis-V 
oUjJI tjllji J*«- tSylUi ouliJi ^kSUi ^jiUo. iJK^I 

.S^liaij t^j^^l jj:>«Jl Ji:iP Ui-ljJI 

0,^1 JL:--^! jLiJI tik-^l jjU-*JI iU^ ^ *^UJ1 jL»Jl 

SjLp ik-u-ji-gJl jjUmJ! <JL«j>- .sylWI aS*^^ - oValjw 

(..JL^clj tiJft-u-jiUl JLUj*- SyUaJl *JJ^ Jff^^-^Jlj ol^^ 

^ ik-^^l jjL>«Jl JX^ 01 .(Mane, 1964, 1968) ^Uii-Sl 
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(R.E.Lawrence) ^^^-JljjJj (John H. Wykes) ^j^^j dy>- ^JJ^i^\ JUU 
^ Ai^\ <jj 4j iZj\jJh ^ 1965 Oti5i>3l lii^ 

oL^jUpAil IjJja ^i-ji^ t|i^».i3lj jlyfcL-iMl 

^-jOj hj^}^ <t^}^^ Ji- t^lniJ Jj^- ^ p 

. (Rodden and Love, 1984) iJl^^l ikw-ji^l jjU^Jl aJL«j^ ^ t^^^^i^l 

UajI ((Dykman and Rodden) j-Jijjj OL«-^d 4-».-»r il 

jjU^I aLqj*- ^klLiu j^i^ ^LfJI Oljk^l ^djj oVLLi ^^jl! 

,^ js^\ Ajj\j oL^j*-^ 4^1 y ^^ J\ ^fJah>^\ JJ ^ C.I. 1ft 
jjLs^JI 4JL«^ ^Ijl>«jlu-Lj ^LbVI (J^^ c)"*"^ * ^^^JLp ^ ^ ■ < JLLo 
jLgjLjJ ^^L) L$ji>5l jjL^iiij 4Jj-«j>Jl J^Ljtl <^jJl JjlJL>Jl tiJiL^I 

. FLEXSTAP ik-. jiJl 

Normal Mode Analyses (/H^l -I^l Jt'^ 14 - 19 

S^*>JI iij^l J^Llu. jJaij US' JJL^J 

ajI »ir .^^-i^ ^liJl i(E. J, Routh) ^jjj <_$jJlSo^fl 

j^iJf il***»J tiJa-irfjifcjl jjL>mJ| iUj>- S^^^l oIjIjiaMI ^ Kfij^tJfwjt 

.(a^UJI i^^^UJl Ja*Jl JlSLil Ui^UJl olw^sJl) ;uJmiJ| 
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jjh 0^ t ^ JSLtu ji^j syiyi 01* c^^Ij 

jJU^j .o^Ji OU-^^I <J'^ j'i^*^' 

Lj-Ip jijftj ^jSHj \j> jl tAia*-ji*]| jjUc-Jl aJLqj*- ^1 

i,Ujl ;i3L>l JU^ JUL. JlL. .(10 _ 19 JSLiJI) ajdLJI ^,-^1 ;UU ol^;J»i^ 
.(2001 ^Ip) oJU-i JJ ^ 0^^- ».JU3I j,-->JI 

o^li.j B-2 i^jjjy «iUj| ^ ol^^l ^ S^Vl 

^liaiil a]L>- ol^^JiLo iiji^ Ols tj^UJl liK .X-29A d^jj^ do^Jl 

dJlS* (^J»mJ| ilLiilJd *^^»A'n) ^ J\ ^Uaj 4]l9- oljJiLa j LjJlII jjJl 

.(Britt,2000) 100 irjjJl ^ 
Quasi-Rigid Equations cJUJl aJ^ cJ)i^\jui 15 _ 19 

^JtJ*^ Jj,^! ^ Jl Ak«J^I 0^ 

Ja^jJl iflj^ c Ji! cSyLklLj j!^yiLu-Vl iSj^-Jl ol^b 

<^ JJL>cl]t Jj>BLyJ t^.l ./ill 4^ JJL>bI]| fllfc^^yqJl ^^^^1 ^^^JC^JaJl 

Uviil pL^^I ^ a-JL- ^y. 0^1 syUaJl JSL* JjU; tcJU^Jl 

Ja^Jl Jlff-dJ ||JiJ c)t Jbu ((^IjJ ^J^^ iJ^ ^kiUa^Jl ^ (aIojI^^I 

OlS'j .(White, 1M7) tXB-47 5 ^UaJU cJUajl Jii*-s3l Oj^o 5 ^UaJl 
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MODES l~8 




►HOT C6 'SCNSOB" RE*B 



I I I I I . i I 

0 50O lOOO 1500 ZOOO 2500 3000 5500 

(inchti ) 

J ^ JiJI S ^UaJ (centerline) p jjs^S ^ v»tt^ *^ - 19 JSLiJI 

.v-JUJi ^\ ^JJ Cij^lj 1 Ak^S\ . JUail ^ aUjVI ^ jM jl 

. (Ashkenas, Magdaleno, and McRuer, NASA CR-1 72201, August 1983 : ja) 
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JLIP B-47 5 yllaJl Jjl ^ jVl I ol jLii-l J 

tj^iUJl SyUaJl j,-^ (jjycJl CJj^I flJLi^Lj .ajUJl/Sjja 2.3 i^-fiJl 

JJUkj JjIj (^UUl (r|^V <J^^^^ (j^^l (c^T^ JbJb«j 

Jj' jlj^*^! L*^* ^^j^^ gSbj ^ ^JLi^ii aiAJI iiJUJl 

{ju^yjt oL>bj^fl juj>b^ ^Ij^I j^;^ LaJLip iL«jJ 

^ «^ jjjL>J| 4iijj>«lj aI^JLaJI ^G^p^d^AJ .(^d c^iJl ^ y^Ki 

^ a ^ a ^ 

Ai^l oJL^, YF-17 ^^yjy o^Liaij SjjLJij aj^L^JI iUi^l ^ J^j 

.(Abzug, 1974) 

Control System aJ^I aiuw^l ^ J&jt^t ^UiJ 16 - 19 

Coupling With Elnstie Modes 

S yllail fSz^S ^ B-47 I yliail oUj^yi JL^- ^liij iijly 01 

(olj>Gj*yi iJL«.^«^ ajjIjJI <p ^^a^I J y ^ LoiAiP ^ULuM^ ^JL^ ^ JLi 

"IjLiJL;*- IjUu SjSLia3l Aj <l2-gj!j oJbljI-«Jl jl^^iLu-^fl A-oJijl iajljJ 

ol ts^Lkii usL^ji iWiVi ^ JpUiJi Ij^u 01^) ^,^::>^- 

oljLt} oL>^ fj,«ai>«J .JLJlili oL»cJ^ J^U- ^ SJUjJ^ 

4jLu,^ oj*- ^L*jJI ^jjrfLJLij ijjIjJl ip^^*-JI j^,;*^ ^_^Li»^ ^lisji 
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i^l^t ^jl^ ^,.^^31 oLSbj dL:>>jlj |Ji^l ^K^^^ jJ J jt C)t jl j2luri^fl 

^ jLJLUI ^27,.,.li JSLiJi cJaiSi oLsliJ 01 -M^' ol^b^J^^I 

f^jlujt ^ c,«lfl2H Ca^J ^^i^ ^ f^*^i^\ <tc-*la2)i oLjIJj ^^'^ 

^fiy J^U- ^ iwji^l ilxttJ^U jLli/»Vl ^2;^.*dJ o**^^ 

Reduced-Order Elastic Ip^-jJallp cA ^UiJt ^SU 17 - 19 

Airplaine Models 

j**^ 100 ^ ji^l AjJLJ c)^^ c)l ^>^-*J ^1 ^^t^^^^^J^V' 

^Uaj |»-j-<>-vaj ^iLojJI jULj |i|jL>tLu-Lj Ol7K,JtuB iSbjbj 

(Olj^kf^clil ^JL>c>o AdLi^l ^«JLi LsJULP aJLq^I <jjjc>^l ^^^.o^j .|t.^>Glil 

dJL^ ;JUJI ol 

dl ,iZj\>ayn\ij t(<jU^I <Lji L»J ^j^^j^ (S^^y JL>«^ OjL..«.^ll 

^Lp) ^ AJL^j ^ L^j^ oLaaI^I XiJ^^AJi 

IJlaj . (Michael Athans) ^Lil J^^UJ J— p J>\ a:7,..oH U1992 
JjifJI ^tr^jj j>* ^ Lfc5 .LfULLy-J ^iJlJ tw^l iJL* 

.sjbJLr i^i^ o^y^u- Lk« i,^JAi^\ 6^ J-^* r^' J-AjJ 

j^fcj t(1994 pip) OUjJ JJ Lji-^j oLa^LJU L»jl5j ^ 
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Second-Onter Elastic h>-jJii\^A: J,\ ol ^UaJj ^^UJ 18 - 19 
Afaplaine Models 

Jul jdl ( U« y^^^ ( 4Ja>Jl MJl^hfll ^^LqJJI ^ ^^^jb^kit Ja«l3l J^i^ (J^^^ 

LflLoJ^l iij ^1 oU ^j-Sjj t.-JUaj| ^«^i«j>miJ ijljil 4* ^;-Jl J**-^' 

.4->jIji^ "J^^ (^^^ (j-^'y^^ ■ <>" (iJJ*»*^' 

>^->->- Lr?-i->^ i(CareyS.ButtriU) Jj^"^ ^^jl^ JS- iJj^l ^^^ii^ JJ ^ 
oIj-jLJI oJL^ Lg_i->-) .jJL-u-jaj t (R. V. Cavin) ^>^L^ ^ (Luigi Morino) 

.(Buttrill, 1989) ol ^LUJ JL^l ^ j>iJl IJla J], ;i:>-UJ| Ol* 
Conclnding Remarks Iy«b^ iJ^^Ua^^^ 19 - 19 

o-ll>o j_,*-LJa]| Ja^lilj fji ^ J ^ 0 t J^j^l 

^1^ 0 j-^ '^-va-j^ .ij^-oJl olj-SLkU ^,_^j*_lj|j jl^ St ..i^I ^ ; o ./? T J-?-! 
aI^JLs Jj»>t ^ AsAlA O-^l (i,;^ 4jgJL>clA«^l ajjkl^l ol ^ j^i.^^l 

.^w..la!| Ja^jJl JbJL>J Jj>-I ^ J A«iJl 

^ ol jj.t.;»ll J olfJa:JI J JbljiJI J olS* J jJLj ( 

i\ j^i ^\Jl>z1^\ ^ ^ ^1 C)l 'jt^ ^ J^^^ (}*^ ^ SJb JL>J| 0> jJJl <j 

ol J.aj>^l ^ /^l 3l^)ll JJL>J J>j ol yUJl J^La ^ ;L5^| 
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stability Augmentation 

|»JLi ( |,-^>tl]ij fi ylUaJl j\ j Al^^ j^^xl^ jA JbljI^I jt j -SIa^iM! 

LqJLIp aJLpU j^yi^j t i*^LJl^*>8j^^^ ^i^^ ^-^^^ <J-*-*^ i-giaj! J^U- ^ ^ 
JbljI^I jl j-fll^Ml ^^^^ J jJ^laJI jLJaJl a a ^UaJl Cl^ij 

(^UJI J^vAiUl ^ (4^Jll^| fj^l ^^JajI tJUlJ U^J .^Vl jLkJl 

^*\stick-freestahiUty) S ^ _ LsajJI jI ^JLt-l JjJLjtJ LfJLSl^Lj 

jLJa^' '^JJ i-L**.L-Sll L^iiJij iJ-MfliVl 
.flJ*.!*-.*^! JLi OjSL LoJiP ti^iJI jLkJI OiSC j^^fl jLiail J>o ^^^t ip-U 

The Essence of Stabflity Augmentation Jbl^dl j\JiaJ^\ ykj:^ 1 . 20 

jujaJI ^^^^ ^^Ji oW^^ V^^^ L5^i ^^-^^^^ mJLJLii ..^ji <^f-->^ 

^JLp ^ ■ 1 U ii ^^.0^1 oL«^^ fj^j (ii^ ^jJftduif \,^Xjj^ (jf^ 



djJL^ t^»\^\ i>\j^ V^Ji ' ' (Stick-&ce stabiUty) S ^-1 - jl ^1 4^ j («) 
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<J j-^ (J^*^ (.y'^-' -^^^ -9^ ^ ^JXJLj ^|.^>iJ ^^^^^ ^j^^ 

i-flJiJl ^jl^7...^qJI j t(jj-^UJl J-MaiJi) (actuator) JJtJLJl ^ 
iJUlSijLJt oLS'^^j*^! oLoJUk^ JJL- t (fly-by- wire) ii^L-Sfl ik--.lj-j 

.jl ^^5Lu-*y( olJbjij a ^^^1 oU^>eJ ^ JS" ^ 4*SLj^^^ oljLi| »,<a>«^Tj 

JLjji Jjp (fly-by-cable) o'^LiJl ^ia^ljj j,JL>iii]| LJaj] ^ 

^^k*- o^Lr-1j« (central valve friction) ^.^^tiJI ^U-^ J-«-*ii •I'J^ 

I t (husky spring detents) ^ oliL-L> a^I^ S oliLi S^S" ^ 

.^,i^>dlj ^|Jli^*ifl jLJaJl t-iii 

c^,-^ ^0^0 ./?T 4 jLipI JbljI^I jl iaiijl |»-^i>eJ 

j jiL-u- J t jUftJI oldLS 0 jJL| j^LiLo JiCAj J-QjJ olJb^l 01 

p-j^^i ^ tiUoxiil '^.^l O^U-JLb j^iLj J^*^! oliLi 

Jbljiil JjcjcJ tjjjliil ^c^f>6-,aiii oJbljilil j (redundancy) 

.aJLbI^ aS* ^ S jl J^al^t |»^>>ll3 bbi^l?- J IjjJaLa 

Jlk^Sfl bj^J .a^q-Hl ol^Li 4iJLi^^:>Blj ol^Li «iJLi^^9«IJ (^IJL>bI^NI JlJ 

.LJld J^^^ ^tt^^^J ^'■^J 
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Automatic Pflotm History ^U)l ^ J^l jUaJt 2-20 

^ jL" Ui^ tiaii 1945 ^ JbJjJuJi jl ^^iJLu-'yi ijju 

jLkil IjLs^l ^^^^ L. j! .^^1^1 J ol ^Uail Jl 
UJbJL Uj^w ^^su3 mjjW-J cJl^ C)l tiJL^ iJlS3l dllJ) (autopUot) 
(Sir Hirman Maxim) JL^I |».<L,<a7 ^ («>^ij ^^^j^Sfl L> 

fj^ jj ^» ^ ; ^ ,./i> tc-^liSLJl ^ jujljJI 4_lp JJ ^^^\ dUi .1891 
J JVI jLkii ^ jLliJ^fl ;*5Li ;uj j^l ^ * (1951 ^Lp) (BoUay) 
(Aircraft Dynamics and ^^^miM j "^^^^ ^^^^ 0^ <Jj^* J-vaHl 

.1973 ^LaI^j O^j^'j * jdJJ ^LJ Automatic Control) 

(W. c^^^-L^ ^i^J^ 

.(1989 |ilp) OJblji <^ S^U^ ^ t Hewitt Phillips) 

^g^^ ^UiiJB 1914 _ 1913 ^Lp ^1^1 '^^i'^* 

*Jl^ ijfl Jl* 4^ jLiaj ijj ^(Sperry) 

(gust-alleviation systems) ^hlt^' oL_* t^a a ».Ji Ji » la >t ^ .th' 

^J^UMk>El3 J ^J^Lh^l <JL«^| CjlLLil>Glj C«i»i»«/g 

OLa (^jIuUbJ ^LjajSf <Lil^ ^t^J^ <JU>-I^ jJlillAj .CjL«^l^l (-^^J^^eli 

.(Phillips, 1998) v*^^' Lu-LJl ^ J Cr-^' 

The Systems Concept 4jaiS(l ^ j^io 3-20 

^liaj J iaii j Uj:>- LajLipL ^*\airframe) S ^liaJl ^ 01 

J JSl jVt 0 y^Ul ^j^^ ^ tdiii .jl Jb>o Jl O-UJI <:>-ljj 

<JLg^ 4JL*jil JLii .(Imlay, 1940) ^ijail ol^ ^JKJUil Jbl^l jl ^^'^l 



j! ol^j-li IJL* l^s-l^tj jyjUil 5 jSlUl pM-jj- >i : (airframe) ^jjU-Jl jt S jSUJ) JSL. (•) 
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oUiJLjo (Routh) ^IJLkl^L) itijj} jl jJal^"^ <J.\A StII jjJL>J| jLju> 

oUiJLqJI 01 . (equivalent stability derivatives) ^JLiLSLkJl S ^LkJl J 

JLSLxil (yawing moment coefficient) ^j*^^^ olii-i* 
Ol J-p . (gearing ration) olr. ... o !i J j oL>tJ^fl 4ii ^\ y>J\ 

1.116j 0.356 ^gji^ ol:: ... a ^^^'^l ^^J^ (JlJL«Jl 

^ djJL^ Jjl^ > Ci^jiJ i*'fj^\ fj^^i i^^"^^. 



asjjbJi jbijilii jJb>^i j> t^JJi t^^i tj^ii^i 

J jSfl ^j-^ ^'J^-*^ ' >^*^' LT^l J-^' j«.5lj>tiJl j-/»Llp Jjillv* Ja-Jj 

^i-^SLJjjJL^I j\ t (pneumatic) i^^lj-jJl jt-SL^^iJl cjiSy>^j 

jLi <5^pJlj cJi-Jl^ yjJJ *J^i4^' *^^^^J 

JLp o^L^jJI ^jJ»j jt-iJ '^j^ 8L»*jVIj *iJ*jJ' 

,ja\ ji\ J ^JUiJl ^IkJl <i >«^l 

Frequency Methods of Analysis JJL>iiU 4jdd ^) J 4-20 

(frequency methods of analysis) JJL>tiil J iji^yLlI J^iail c^lj JLii 

fl* ULdl (XJ^VI ^ S^Uu. (William BoUay) t^*^^ ^Uj U^S 
^ Jbij ►L^ S yUJi iJL^ JL* iuM^iJI J> d\ a950 

C)1j (Olylkli aUaaJI ^JuJl obLi J L^Lolmi^I ^ aLqIS' oI^^ 
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^|jL>.Lui>l ^ As^\ J cJ\j La Ji>Jl iJiA LmJu^\ 4pU^ 

oLu-Iji <^ (octave) (JLl^jVIj (decibels) J. . ..-^jJl J-5ji oIjL^ 

4^ .(^ J^"^ ^gIliJ S ^^iLy»yaJi ^L^f>Jl <iUJl (^ip bj 

. ponald P. Cambell) jJU ji j (Gordon S. Brown) 0 

(transfer Jjjj>^I ^Lj j.* (SyLkJI oLSLjiLlja *^jL^jJ J^IXJL JLjJLj»- 
Lji^ ^ ijf»J^I Jij*-^' c)l .function) 

^1 ^ oLoLLo 0 *y J .8 (^^^f j^*^ ^ (literal) i-i ^ oIjLp j! ^i-^Sj 
ttlUJJ .Ji-JLilj L»jS^ Jd>>«^l gl^i t)^^ 'S ti'J^^ cT^^.*^ ji*^ 

(second iJWi i>->JLll s j*iiJI ^ jJi:»- ^^5^ ^ ajj\j cAA 
4juI as^j^\ ^ s a jJ^ ^^-iS' L» j.>.3a degree polynomial) 

. (fourth degree polynomial) 

jLq^ ^ (Poland J. White) cujIj jJU jj JJ aJLii; ^ I ^LkJl jl ^^iL.-! 
^\ ^jUci^^^i oQala^ c^Jj ^Jb^ci^l jl5j .XB-47 5y*LU] 21.*-^*^' 

.iJL^^^iJl A-u-JULjJl JL*^ tl946 (H. T. Marcy) j^jLo L^i-^j 

^^■^ ./It j,Ji X-29A o^UaJLJ Ol^^Jail fUij L^JJg OLi tJlJUJi J**- 
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(Howard L. t)Lj»^ ^jjj-* ^J-i^ t (Arnold Whitaker) jLSLjljIj 

•Cji)^ ^ jiiJJJ (Berman) 

.i^w^i iUi-.^ tjuu3i 

Early Experiments In Jbl^ill jl jJLl^*^! ^ JjVl y jtj^l 5-20 
Stability Augmentation 

.4Jli3l iuJlxJl .^^1 jl^VI olJbji 

J-Qju (pitch damper) ji- Ju^m (GemanBlohmand VossBv222) 

^Lp ^ O j-iJ iiLLo (0 j-Jiv (>• 

j^JLp ^^^,j>Lf ^IjJtJl JLo^itji (M.B.Morgan) d^jy* *-ja-*i»j il947 

SjjL ij^i^ ^L^j . (Gloster Meteor) jj^^ ajUiII syLkll 

jl^^ii-.! Jbjij YB-49 i^jyjjjj B-47 jJLj^ SylUl ^Jl* JU« JL. 

TheboingB^Tyaw (B-47 ^^jj S ^IkU ^ JUm 1-5-20 
damper 

(Ljiij ^ kjy (B-47 Stratoget) tB-47 c^^l^ syUJi cJl^ 

oljLl^l C gm^ .IJL^ Ajl:^\ jljt Aa*ls^\jj (AjLlj olS'^^^i^ Odli 

Jil 01^ iJftJI oU^I xj> ^ yu*VI JL*>.i]| Ol S ylUi JjVl 01^1 

jJb ^yj ^LlJ( i,ASy>J\ (rolling) <j>-^jJ| ^JLp ^L-VI ^^jLUl 

( (J^**^ Ajj-^^jJI ^^^^ i>JL>c« ^^Ji iS^ j-t jii^iJLL^ *L$^p"^^ 
oL>»j| 43dj ^jjl^l <P Jji^^ ^|jLi«Idu«lj Lxlyy ^1 jju^fl JLuciwJ ^ 

jl jsuii sylkJi oLi tj^fjj*yi oi^^ «JJL^ idUi .syiyi 
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(Edwafd OU:Uj 3jljJbJj (WiUiamH. Cook) iJjS' ^Uj ^.jkj XB-47 syUaU 
JLQjk>i J-i:>«j iij ^iil tCulj JlJIjjj Pfatman) 

.(White, 1950) y^^l iJiA tXB-47 S^IUJ 

tSjSlkil 0*ViU>» t^JLi^Jl aJT JJli>«J JiJ^ • 

4XB-47 S ylJaJLJ iJUjJ J JLJU jj JLj-<^- f JLj^i^ iJl J-JLs^" 01 

aLycj'^l iii ijjij jt * (loop gain) iiL»J ol^JI JsL*^l 

4jJlJ tXB-47 syLkJl jLi^l jLl» ^ii^Jjj ^^jj j^^^ 
I^Iji ji-riJJ j^^l toL>»j*ifl jUl^uo (rheostat) « a^jLLb 

^Jills' ^ -^.,<ifl J ^L)^^^ i] ^^p^ ^ a jLp aL»BjVl JUm f JL>Bja JLdJ 

t^jUJl jy»U-^l jjjidi fJi^ Lsfljl Up jilajj tB-29 sylWl -uloi.!-.! p 
JiLlJI) (turbo-supeicharg^ waste gate servo) o^UaAJI ^jlm jt 

.(1 - 20 
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I ^UiJi ^ ^JL^i^ai (c^!)L^I ^ :LI^ ^JLit) JU^I ^>JI ^ JiuL. 1 . 20 JOJI 
White, : ^) ui-t j t A^a^jiJI ii* ^Jil c-^ jJl jl^ XB-47 

.{Journal of the Aeronautical Sciences (Honeywell) 1950 



jlj-ai-u)*^! ^j-fi^ d\ .1949 ^Lp jJl^jI ^ jJ ^ ^^^JL^^\ p-LSJJI 

dJLlS |,-Pj OlS" U ijc>-l A>tl>-^l ^QaJ iLq-wQ-sflJ 5jj^ JbljlJJl 

Liijj .IJL>-Ij L.lbL» JiVl OjLjI JLS C*jIj Aijj JjJj 6JL*j JLj 

^ ..rtttl SLlw-I jjfc Cjj^ji—tJl IJLfc (b^i 4 (Duane Mc Ruer) jjjj *iL« ciljJlI 
:iUjjJl iiSLo 5^ ^^bJl jJUdI Jjil ^^jUl tCalTech j.>>«Jl 

CJIS' L. 4gf»w» jSLii B-47 S^IWI Cmi^ jJ t*^ 

4MIX l[iJ ^ aL*U. J*i Sij (1991 fiU) ij^ fUj ^Ju 

JiLiL. J>J B-47 S yUJl ^ «^i>; 'iilli? J>Jl ^\x>^\ ^ (Ijli" 
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^eJa^ JLlP 0.3 (_^jL>J 4^L^ ^ JL.Qjicj A^dyJ ^ 0 jSUaJii .4j^^>J| ^ 

,^Ja 45000 glijjl jJIp 0.06 t^jLJ JL^j^J ;**J Ujllp tJ.^-- 

NortliTop YB-49 tYB-49 ^jjjy^^ jSUaU ^ yuVl JUit 2 _ 5 _ 20 
yaw damper 

SJb-lj i^j^ jLlqI B-47 ^^jj ^ YB-49 ^jjjy ^ ^LaSi 

jSj .(2 _ 20 JSLUI) ilutJL>JI ^jiiiJI JbJjiiJI j\ ol JSjl ^ 
: JL US' YB-49 S^lkJl gjyul JUi^ (1950 ^U) i3L» Olji 

^^1 jLkU 4ijl>ll lip^l jj^ ^ c^lkJU ^U»JI ^ 
ajL^ SjUl ^ JUi gs;! Jij . . .(Honeywell) JjjJU a^yb ^ 

^j^Jijd} ii^j (1-^-^ 

iJLL>> >mJ 4^ ^1 2ja (clamshell rudder) liJL.^ ^^lL* 

SjJUUli ^JUI •UjfVI aid fUki ^ 

i3 ^,*mJI <j» j1ju> ^Jufi ^\ 11* Jl iiU .JUi»! 

JLp aL>o*yi JL«.^uB 4^1il |t-^^^l ^^^^^ SjJ^Lja J j^j^l 

(turbo-supercharge t^j^i ^U-s^il ^Jbii^ jLiail ^ J-JLJl 
^ iaj^ (^jlII Jjj-iail OJj .B-47 syUaJl J t wastc gate scrvo) 

jjjo toUtj^fl oli:> cJIju^! J^ ^^^^jjJUfJl ^jlJ^-oJI oLoLg--/>j o^^-g-iil 

^^^^ .A^jaIS aUj^fl oLaJL»B4 -^W^' <jli«J (1)^^ O! ^jl^l 

^ L. ajUJ O^^l VIJIjNI aL^J^^I JU^ Ol^^ OJU^ JUu (Ja>Jl 

.jj^jjJL^I ^Lo^l ii^^zsA fj^i^- jjj» Lp.f»>^ jji*- t5s*>B 
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aiU-l ^ ^ ^ YB-49 y jjjy i yOall L>-j\^\ oL^sUJl 2 _ 20 JSUJI 

vUir .S /LU I ^ ^1 ^\J^ iJLJLJ ^ jys^ jijS 6U\ XiJS X.JLLi-1 
^ j^l oIjUj^ S>j^l ^LUI Jjl XB-47 YB-49 y j^'j^ 

.(Ashkenas and Klyde, NASA CR 181806, 1989 : ^) JJUai 

jl ^ftJL^'bfl J-Ju>iJ (Richard Kulda) IJlK j jLIijjj ^jj liU iii JlLI 

t-^^^^l J-ol^ ^ ^JLkl^Ul tiliLSl^l jl^al^^fl oLalJLa 4^j-lflJ 

ijj Ollala-i^ LaJl>el^lj 4AjJJ_^I ^y^jJlj 4Jjji>Jl ^^pJl ^Ik^V (_59^^1 

.B-47 S^LkJl a}[>- ^ US' L»Uj t J^>^d. Jl ^,-^4-^1 »j^^Uj 

^1 yu^sU ^jl^i ^^^1 SjLi| ciJusJ J5 jj jA YB-49 e ^LkJl eUsJl JUj>«-J 
J-oj>«-« jLjL>-Ij t Lf**^^ J tfrljj^-S/l ^^woJ>tJj t^t-j-o-sAj LgjJjj 

JL^tilL ^ YB-49 I ^LkJl ftUJi 
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F-89 y jjijjl S jjUaU j^li-l j\ ^1 JU>. 3-5-20 

The norfbrop F.89 sMe sUp stabUhy angmenter 

JL^Jj (^L>J| (i*yjj^fl ^L«j>o ^jlj^t Afi'jja^\ JIJLI^I .5j27...all 

mjjIj cr^^" c^^^ iS^^ cy* s^U^i oL>»jVi ajjIj 

Root Locus Methods of AnaJysds J^UiU jjJJLl 6 - 20 

(Walter R. jJUjI ^Ij-^ (root locus analysis method) jjJb>Jl ^-^^ J*JLj»»j 
j^L-Vl ^JL5i]i ^_yJlp J^^-vA>Jl 4^ \ J>\iji 1...^) IjLa p.L>- jlSj .Evans) 
jjJl»JI ^-^^ ^ji^J . (control system analysis) ^Uaj JJL>cj 

^ y 6y J jl ^ JLij . (NAA) JLgJ* l»j 

IjJLispl ^^JUI oL^I^I JLrj 1948 (Evans, 1948) jjJl*JI 

UyD JJ ^ .c^Jj ^.^Vt ;u-^L>^ 1950 BoUay) 

.y^j iJLo d\ jJLi Uij «^ .,r^it jii}[s o ^liji* 1948 

^-j^LjLji J . 1 . 9 J UCLA ^ (John Moore) jjj^ d j-sr 0^ J—^*-^ ''J^ j 
ola^^ ^|JLiij:-.L tiJL^I ^ I^U- MIT (Phillip Whittaker) 

.(NAA) is;;.^! ju-i oi^ 

.42i»J| JIju Li JlP ^UaJl ^^^^ JJ'J^ ^ y^^^ 42i»J| ^Uaj jjJIj*- a 

S ^Lkil ^iMiii^ jj'W c 1.1 III a yUAil ^ Mi^J o> ^yiiL«Ji SjIjlII JJJLs^ 0} 
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JLiI iJjjJUJi 45"^! i»UJl Jl- ijjjA^I i^UjSlj tp^^lj 

UL>J\ a}[^) ^ UJUl^I ;iL>Jl il^jl US' :>bjj 

q\j Ji3 ■k^....H jjJlt ^yk jiiJi ;uL>Jl jLL^l 01 .AjLfJ^I 

4Sjjb>JI JsIjlJI J ^1 ti^j I jLiiil 01^1 jJaj JJl^J ti J? jJipt 



Z .(BoUay, 1951) Jd^" ^ sj z = e^' 

j,JC>»iJl |iLiaj j] oULJl oLI*^ T oLl*^l JJ>A jt ^^iaiiil ^>»j JLi* ^ 
JSJL j^^l j,X>^l ^Uij jl oliUI oLip o'yU lil ^1 

^ tZ _ ^ .A-gJajSfl oJL* ^li! JJLs^Jj jl ^^iLu-Vl Jj>-! ^y Z _ 

jjJL>Jl jl^ jj^l '^^^ (j;la;7 Lg^ .olllxil jy>^ (.^^ ^t^M*-^^ 



. (w-plane) tw _ t^j7.,..<,li ^oL:..,.,«'iJi o JL*S ^1 iJajSl 
W =(z-l)/ jl ^ Jai- j^SbJ Jj^- Jj> ^ w jJcul\ Liij 

^y 4...^Sa o*-uJ (1978 ^Lp OUjj-*j JJL^ijIj 3jL!Lijj cjL^ j .(z+1) 
(_$iJl tw' _ JUt^l jjh iJiA .J-yail ^yojL/i^ ^ w(w-domain) _ JUUI 
jt j-w^Vi ci-yfljJl tz _ (jj7 ... o IL iJjLS^j .w' =2w/T 

c)t Lfc^ .S _ ^ j-fll^qJl j! ^^—jSII t^jLvfljJl JjUaj w' _ (^j7.-»li 

OLi tt.--JiS'j .(Bollay, 1951) ^» .♦./aT ol jJj ^^jlJLlJI jjJl»JI 
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(McRuer, ^LaI ji> j ^jj iJL« 01 L*jjJ* a* "jW** JJ^^^ 

JLkJ( j^jJLaiJi 3^ iaiijiMJ iwlu^aj ^^131 Ashkinas, and Graham, 1973) 

aJlL^JI jjJL>J oUaxjo aJLjO Aj\ S - jLto^aJi ^ <ill>i^ oLx^jl] 

.i2k;^l iJlA ^ L^IjJj 

MjJiJLSslt 4^jii»Jl oLjai]! oI ^jLLs ^^^^ 4^jii»Jl oLJlmiII 

olid jW^I oUjLjJIj iJI jLi tJjJUJ^I i:»-^jJl .koJ 

.(1963 ^Ip) (Robert Stapleford) ij^^li- cjj^,^^^ juj iSL» 
Transfer- Function Numeraters JiJ^^ £^^J^ 7-20 

t jjlyJl jSLJl J*jJl ii*^ tialiJl iiJLiJl Jjj^J gljj oUli* 

t^N^ ^LJj jjiS'jUU 1950 c^Jj S^U^ S^L. JliJi 

IiL>Jl ^LlJ t^OaiSfl 4 JJ JL^I ^ J^Uiil cJLS' t(W.Bollay) 

ijb>el*-.*yi <-u-lj3 Ja*JJ .Ijli-^I Jjjj>el]| ^L) Ja-j ^ J^i jjJl .iiU-Jl 

(Elgred and Stephns, _ JaS oL-S" Ji tr?"^ j;^*^ o^^JuJ 
.j^i^ip- jjL^j ^^i..)fli ilU- J^JLjj tiLkJLo ^Lij 1959) 

A^iuSf AiJLftAJl Ail^l oLL>iImiI ^ LaU Ijjd Jjj»Biil ^Ij jLLx^t 4.^.^ 
jJl i^j^^Jl jL^ iiU ^ jl j^Lijj*^! jy ^li-Sfl ,j-J 
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^^jjL-ji ^ 0-*^*^' •.jL.aJi 0^ 0! 1/Thi j^jlj t^ui ^a , ^n 

aaJLjcJI iilsJLJ ^^j4*i>J( jJbjJI '(y^^t C;^^' oLp^^I 

JbJ jlUI jI yLu-'iU Ui-ljJl ^iLJlj 

^ ^^n^.Uli ii^l jjL>-IJ 0)4) ^ J:>-1 IjLjj JaJ^I JUmJI j*P 

(4jJlJ^I 4j>-^jJI <iL»- (cod i^^^f^t Oljj^ JU>^I 

AiU^^L (aI^AaJI fiJlfl aL*::^ ^^'^t^ 4JL»Ld .^jilAAil a^IpJI jI 

^^J^J jiJJ Oljd Jt* (>J» SLkjUi tJ^Ujj*Vl ji-yfl-l ^,^1^ 4JL5Llu9 j^yij 

.(1975 ^ip) Oji-Jj:>- 

Transfer- Function Dipole c^^t JiJ^^ ^tj? 8 - 20 

ijjij Jjjj>tj ^Lj ^ (complex zero) ^^jlSjJI jjL/iJI 4 K .* < j-J^Uaj 
Jj^P*iil ^Lj Ji'Ltuo jj, SJL?-I J LgJ^ i:>- ^JJI iid _ (aileron) Is^- ^jJl 

•t^'J^J**^! ^^ji-i^l Jl^-Jl J^J^l JL*-*>»l3l 

JLS'Jj ii*-^ . (dipole) i .Us!l ^^Liij (pole - zero pair) _ ^jjJl 
IjLj t^JUl tJJUS ^Ip (root locus) jjJb>JI ^^j^ 

^^^y^^ c jj JL>J| j_yJLi>elJl jjsmJI ^ Lj^ t-Jailt <^J^ LoJlP 

(phase « jl j-ai—*^! aIj^j^} j^-"— -d i'J^j t JL»U.jlII ,^ Ja-^l ilUi 
« jl jiiJ^\ 4\^jaI A ^^iSSfl J^Jaiil O^i jlju Jb- JIj .stabilization) 

iju .jbjjiiii ji ^ syiy jiiJij ►ii^cj^fi ik^l ju. 

|iJ^ ^(^bj (bank angle transfer function) ^jjIJ 
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Command Augmentation Systems (CAS) oJbl^il ^1 jVl Uajt 9 _ 20 

tSJbJjiUl ^IjbU fi^^SLJl oliJflill .(3 -20 JSC^I) ^v^^l 
S^Upj tF-4 tF-15 tF-18 ^%s^ji J-Jji iiL- ol^U» ^ JLS-Jl 

SjJiL-« iajljj lilLkj .JUljl^l ^UaJl A-^!>Lvi? JbJL>tj ^ tB-1 Jj^jj 









-Ipmax 


f- 















f-o.apa- 



(g/v) cotO aln4> 




X- S ^Ikl ^If "ifl - ^U-l JJiyi\ ja\ jSfl ^IkJ ^ jJi^l iikai 3-20 

Clarke, Burken, : j-*) S^,-*^! jUaJI tiJ^JU SiJL^ ^IjUji^ 

.(Bosworth, and Bauer, NASA TM 4598, 1944) 



(high- ^IjbU aJLxJI ^LjVIj ;ULS:JI L^J F-16 ^;-5L.Li.li Jl 

a1j»\S iL^t)lv2j SJul^^i-til ij>- ^jJl ^1 j\ AaJoj] cJU-p <*1-:;^ t command gains) 
(Mitchell ^,J^I otsU-JLa Jlp 

4 cuL?-L^jJl fiJu ^ t-j^ Li>- ^yb JS'LUJI ^jAfu iiLiA j . and Hoh, 1984) 



557 



.ittJ^ O! (roll-ratching) iiJL*-^l as^- ^jJI ^y^JU S ^UiJl j 

RoU - ratcheting (ala^^^l) 4j J^uu^l 4>- ^jJl 1-9-20 

(aileron) h>- ^jJl ii^ j'j^l (roll - ratcheting) ajJLx-^I ^jJt 
(sharp-nosed Frise ^L?- c^L ^1 ^ ^ oLii ^ ^'J^ ti'J^i 

Jjujcj Lo tiJlliLj oljji 3 ijJLs^j SjjJill iJLs*jo jIjiaMI J-Ma:>cjj .ailerons) 
Pj^^l o^U^ o JLi J .L*-/» "i^l ^JlJI olid s ^^la—JI 

,>SUj I JL^ ^jI JU* .(6-5 4-20 JSLtJl iJjLi.) ol ^ SJL* ^Jli 

^lJj ti^jj^ a*iji ivixJi ihSj if^JJ^\ oi^*L- 

^\ vi-^ tJL>tj l\ \ ./^Tfl jLjiaJJ ijilj^l tij-iii *^ t<-JLLJi 

^JLiJI 01 ^1 . (Johnston and McRuer, 1977) c^L^ tiJLpli ^5^^^ ^iJLiiJLu-Lj 
i*L>»Jl S yLl» ^ ^:^J^\ oULj t-JL>- 4^JL!l IJla ^ j>s«-ii 

JLaJLi J../itf7< Lii-/»j ^ JLS tF-16 S yUaU «L>^Lj NT-33 jI yfcL-*^! S^;-i2i" 

iiliAj .(1988 ^Ip) S^,-/iiit>o ^ (Irving L. Ashkenas) jlijilil 

(stick sensing force gradient) U«ajJ( S ji i*^L-^ 2^*^ Cr"-*^ -^'-H 

O-^jJl ^yij t^^J (Uaxil JLJjLj IS'j*^ *^J^) 

OIjjJLO oJbljliJl y\^\ ioJajt n— iaj JL?- j Jai- JL:rjJ tJ^Lj .^JliJl ^Tr 

.F-16 S jSLWl JU> ^ 

is^ ^ ^^i*-! c) J^Jj*^' iJUftp k;..^ ol j-jb 
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cjJl>-j jJ S^L>J1 ^ ^ii^J iia^l LjLlJl d\ t (Delft TU) 



DVL 



^ij^ Jl (Kochler, 1999) 



t (refinement) oU-jiiiJl (j,^ ^ iUijJl 
(1)1 :)j...,;r -Ji^'^^iJ .F-16XL S^LkU 

JJ V^JL^j ^ F-18 6 ^LiaU ^lo^s^loJl iAjkJUJl (^JLjtva^l ^-^1 

J-iu^ (mild ratchet) JjL:jt^ jLj^ij cUULi* dUI^ .(1995 ^Lp) Klyde J^yS 
<iL^Lj *c:>JLa^ c^j c(j_^5ULJl J^_^L djl^^JzJl) BAe jlj^L^ S^LkJl 




A jjLl* *LlJ1 (roll - ratching) *jJL^-^) j^jlU jI^^I 4 _ 20 JXjUI 

.(Mitchell and Hoh, Journal of Guidance, 1984 : yt) l>- ^Jlll 
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Snperangmentatioii, or Augmentation for Unstable Airplanes 

JU^I jL. SdljCL-l ^y:^ jA 4YB-49 SylWlj XB-47 

(pitching oscillation) 1^jJl1\ oIjIjjlaMI jl ojjJ^^I <S^j>JJ JL-jjJI 

JJL.^ olylUj ^.^iiiJLJl oLp^I Jip jt tiJbJl oUlijj^fl 

0 jjaiju,^\ jJ^ ol^liail aJbljI^B (3j^l 4.«JajSfl ^Jj^^^J C^,;^^ .a ytLutJi 

jJuuj .^bSfl L^liLftj J^Ui^-*^! ^ jfl7...< cj\jM iiJUbLgJ J^LJIj 

(pitch) ^yJl ^ S ^57... Jl ^ ol yLkU iiSL^ ^^1 ^bVl LSL. 
j^^*ik*S/l ^^1 J^L« Op t (Peter Mangold) jlI^Li ^i*J LcJj .J-^IJLj 
^Ijl^i^L) */ 20 jlJLlfcj (trim drag) ^ ^yi^^^j t/.25 jIjl5*j ibjj 

(down - trailing -edge ^^,ii-Jl a-^aUJI AiUJi LljJ oJLa 
.^li»JI oiJb«j S^Li^ f, Jai*^ 01 ^ f*^ AjjJLk^l angles) 

Olj^ ^jf^ Ja^^ (negative camber) t^LJl oJL>.i]| 

( V^"^ <>3f?^t yUaii 4du>l ji«JI (..^l^^JI ^ Jbj^JI y .jSt...* 
^ tJ>Vl fjiJi JU^ J*iJ c-JjJl JL^^ ^^U-JI aJjIj^I 

.5 jSiyi J5J 

YB-49 S^Uftjl OU t (Duance McRuer) iiLo OIjJlI U_J 
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^ JbljiUl ^Uaiii JjVl j^ijuUl j^Jaiii (Waldemar O. Bieuhaus) 

(Sj^ Oljjiail 4^ytJ JVI jLi2]| jL" JLfl* tAT-6 c-ujjudi syll> oJLi:j 
y. 6.7 jjo t^Li- ^ j-^*^ ^ c}^^ AT-6 0 ^LkiL A-12 Jl ^ 

F-16 .z?" ^ t<JUJl iw-jU-gJl J .^Ll^I 

SyUaJlj MD-11 ,j-.!5Ujd JJjA i3U sylUi j^Vl *^iJI Sd^^ 

.747-400 

f,^yd} Ajjl^i ip^lj ijj^^ ^,Sj>^ (feedbacks) a^aUJI 

AjJJtlJl ^ Ji'LiuO ijllA t4;_;^J .*UjJiia>8 tjt^l j_yip tiijJ>Jl ip^^lj 

(4JL«^i3l iZj[a^jj^\ ^ V^<>^' oI^Ij ^jfiLijju 

tdUJLij .iJbSlj ii^^l yikjJI i^^lj tUlW 

L4-L-I ^^lil oljLi)ll JbljiUl J > f Uiiii JjJlJI juiiu 
i3jJL- J : .t a J t (pitching velocity) jJjJ *jjIjJI JJLo t^Lkp 

oLJT \^ ...fli ^JLkjJI oljLi^l f^jLoij .j^y^liJI ^L-dl J t^jjJl 

o^Uait Jj\->^ ^t"^^^ mJILlPj ^JLJiJLlit ajJiJi y C)\ ^j^^ A^s>- jji oiil^pJl 

^jjl^l |i|jL;«i^L i^AJl^Jl ^jJiiijl 5-20 JiLUl 

(McRuer, iij-L— Ji-Su« Jj^l ^ JjiLSLUlj tJUl^iiJI Jji ^ULxU 

^ ^Ul JpLJI jJIp ^UfliJI ^ ^Johnston and Myers, 1985) 
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jl^^JsiJl jL*w« ijUtLk-iV *_^Ll«J| ^UjlaNI ^ jl ^iijj-i ciijJLwJL iiJu 

.(Cibson, 1995) 

.SJLkp SJLpLaj Jbljli pQaJ 



Go * Ro #0 



2C 



K,tl*l/Tq) 






t 



^ ^1 ^Uail yikp SJLpUj Jbjyi ^IkJ j^jJUsoil JiWI Jll» 5-20 js;*iJi 

/jl 7U :u jl>ll lJa>- S ^"^^ (ijJLl-^ S ^Uil .U ^ 2 ^flT u 

Myers, : j-*) . (pseudopitch) ^lJL>*j| /jX-J il jJL- 2 jLiJ I .ho ^ t qe jIjLs^jVI 
.(McRuer, and Johnston, NASA CR 170419, 1984 



jl (position saturation) J^L--^I ^-yi j-J j! ^^^>^\ S-Ji^f ^j-J tj^^ 
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a>20* 



{1-oott)CMeQAIN1 




Hilt 



YPITCH 



XKII/t 



XKP1 
XPITCH 




QS1 


i 








QF1 








— ^ 







ji y ikJ jbi_)ii j^i ^u-jVi / jUiii f.Uii) ^ jju-^i iiii^i 6-20 jsaji 

y jj| ^ 7. 35 Jl J-^- ^1 a jJ^ U jSiJ\ JU\ UJcAi ^ * X-29A 
^ ji J.\ jb53l ^jA^ jlJb.jVI /jLdii (^jl^l ^jLdl -^^-^ 
Clarke, Burken, Bosworth, : ^) . g JS3 Uop 8 ^ ^^Ull ^jUiJL i^iiil.) LJLiill 

.(and Bauer, NASA TM 4598, 1994 



Propulsion -ControUed Aircraft ^*^^jJL S^UtJl S ^Ikll 11 _ 20 

|,-^>.iJl ^^ky- V (1) ^jl iILp- ^ IJlaj . (differential thrust) 

. pcA jU ^jlJl SiLiLJi oy^UaJL ^jUlJ aJULdi aJu*iL o( ^UaJi 

J*>«r^ (throttle) iji^l ^iIip *S ii ^^mJI ^UsI*-.! oUJL^J 

JL^_^ s^^iyi j,iUiJi tft^^jSCUi j,jc>di iji;! ouVi 
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jLkJI Ijl^j ^JJI Jl-^UJ ^ L-1011 

oJLli DC-10 S ^UJI ^ ^JJI J-^Li: j^-S^ L^UJ Jj! i:>i^ 

.(Tucker, 1999) 01 ^ ^^^\ iJUp 




■0 



<0 



— a 
— a 



¥cn,d 




— s 



— m 



Sddl S ^1 ^ Ul-^T.JI ( JiL^l) S^ULI J ( JpI) U jklt j;JljS 7 - 20 jS^Jtil 

.(Burken and Burcham, 1997 : ja) MD-1 1 SSUOl 8 >WI ^Ij^L (PCA) ^jIL 



Jl^ fj^iJl 01^ Jtiii 4 4JUp ijiil ^Jl tl^ji ^JJU SiLitJl S^lkJl 
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t (Kenneth J. Szalai) mJIj*- tiilJUT L-LJl C)Jblji ^i'j^ 

.(Buiken and Buicham, 1997) 1990 ^Ip 4J 

( iJUj ^;»6J» i ^ J op t S ^^j^S" ijAiyu IJai- J»j ^ jt ^,^^^\ 

SJL^L^ OjJb L^j J jLWil ^1 U^^jI (MD-11 4jjL^ij| S yikli 

jkjj oI^ijlpIj w ousuiii ;UL.i^ ^ pca u**] md-ii s ^oji 

L-LJI JL^ OlS" JiiJ .7 _ 20 JSLUI PCA J iJUJI j ^1 ^\ ^ 

(hardware andJUsUJI j ^^^1 aJjujuo twAJL^ ^ ^iS,ys^ j^p" PCA 

.o^LJl J:>'t ^ J^l oljSLi» (Software costs) 

(The Advent of Digital StabiUty Jbl^il ^ ^Jl j\ jkLJ)l\ 12 - 20 

Augmentation) 

j*^- c^^^sOLJi j-^ >iL ^1 s yLkJU 01^1 ^,^:i>^- dl 

iiJlS" J .(Jarvis, 1975) F-8C o y S ylWl ^^^1 ^Jbi.:^-.! Jii 

S yliail ^JS' J SllAj 4^ ^1 M-gJajl d\ J jVl a ^^la^l 

yiiJI s^^laiJl cuJl^j .Jk*]| ^ y^l^l Uj*U: olilJ iLu-l ^ tF-8C 
t (triplex) j y^j^ :^^\ 

JiD ^jjbLLo J (redundancy management) j\ jt SyjJl Sjl^J ^iJLiti^^Lj 
olyUaJl ^ t/iHJ^' JUj»i-Ml O^j .(data bus concept) oULJl 

01^1 ^^i^ hy'^J - t>^l *J^J *S^^ ^LijJL^I 

.L-ldJ ^;SLJl JL^^I IJLa (bj:?-) JiVl Jfi jM JbJjlUl jl y£L-^fl J 
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^ 4^.^,^' JLili tBAe FBW J ^U- S yQJl ^JLiJL-.l i^JL!! ^ J\ 
^ LjSja oLlj^ ^ 1984 ^Uj 1981 tol .;.i>. ^Ij! 

BAeFBW jl S ylUl ^Lii: oitj JiLtj S ^27...o^l ^ 
(EAP : Experimental Aircraft programme) (<^^y>L:}\ LkJl ^L*^) 

.(Eurofighter) iL-liJi Jl 

Practical Problems with 4^Vl ^ 4JUjJI 13 - 20 

Digital Systems 

cJlS" 5^ vJ^I JbJjiiJI jl^*!ifl UJijl 

Jjb 4-j>t>B^ ol^^jJiij ojUjilII ^|^*a-l>J ol^*-iJl J-k^-ijj t (system gains) 

^j^U- 'V''^ ''^J '^j^ (hardware) oLl^^SUil ^^-JJ 

JSIjJI 0^3 tJL?- 4j1 .<JLt:>«J tOljJail jLl?-l ji 

.JS'LtwJI JbJ>.::I ^j^l ^JjImj jUa::?-'^! ^ 

J J .MjJevljLua oLJLftJj I SJXmjs J ^i ;n y**^! ^jyuo^aJ JbljZj* Lf^^ 

|iJ ( ^\ajj^ SJLSju L1«P ^Ualil ^^jt c) « ii*jJl^ ^ Ji 

j^>-\ iu-Ui (parameters) oQa^ j-U j t Jiiil ^5' ^ j ^^^>i^l ^j'i^ j 

^tS^ *J>-ljJ Ol p t>^*d * oljl jJl J oLj ^^^^1 

X-29A OL»j> S^'Liail Jli^ Oljjiail 

j^^' ^JS^LlLo JlS^llii jl^^t ^y^-^j Ji^^ SlS^l»ua ^ jj c^jLi 

iJUUiJl o'tf jlJI o^jl» ^ oU.*i iJli* j Mm 
^ ^\ ^}^*^\ olwjj iilj)/ t (analog to digital, converters) Jl 
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Time Domain and LJ^l ^L^^t JlkJ 14 - 20 

linear Qnadratic Optimization 

It 

j^^JLLiSfl ^liLi ^» .4t*^7 c) .iluJbJl ^tJC»Bi]| ^j^^aij Ul^ 

J^l j,^! ^ J^LTj'^L iluJLJl j.^:*^! SaU b\ Xaj^ 

.SJbljil3l jlyfc-.'yi iJ*j! (^5*-^- UjI J-k. yH\ iJUj 

(Unear quadratic optimization) <^^>JI VHrij^' ^JloSfl ^ 

d yu J eJlA J J .5JLiIjl!J| jI ^^l2**iVl M-oJaj! j»^U^ i'AP ^ (LQ) 

^♦^L>«ij| syllabi cj>li[ju> jLii-l . (R. E. Kalman) OUl^ 

Jjol^ j^iSfl JbJl j^yij «^ >* J^^t 



5 c (system state vector) ^UiiU iJUJi jj^ x dl 
j-p ^\ (weighing matrix) ^J^l olij^-^ ^ Rj Qj i^Jij^\ 
O^U li-L, .;lJUJI 0JL4J i^jLJ\ JSLsJ liL. ^n./»n]\ jKil 

^JLmiJI ^IjjV 4^^k^l (optimal control law) ^^l^Jl 

ii^j.!^ t^L*j9- pjijj .^^i ♦^^^^ iij-i-vAji C ii*^ t5 = Cx <-^iJL>J( 
. (Riccati) t^l^ iialjw jLaj> aJaUw ^ C ^.^1 iLul jj 

SJils^ ^.n ,/7l (LQ) Ua^Jl oU-u^l ;ujLLo d 

<i./lQn J>«J (Ali^Jl .^JiLaSfl ^ IJLmj ^Ualil Oj^:^ 

^^fJaj fj!^ ^(ji3^^ olij<a*ii<a< t,^,«jiJLII 4Ja>Jl ^Lm^^^JI <j^Paij ^*^Jl>BLi«y«j| 

.(Cut and try) ^^^y^j ^j^* mjaIjJI 

dJLP 4^Lj (ji^C»ml]| ^Uaj ^1 .^7 1 4^bk»Jl AjjLLqJL! SJbJp JSlJb illlA 
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. (Atzhom and Stengel, 1984) ^^UjNI - ^^^^W^' J^\y^ ^UaJ 

mJUJI oidd jiJI ^ JL»Jlj 4JLyri ^i^C>b:JI ^Uaj Jjbu jLx^il ^ t 

^Lip j^fc J^W-^)^' <-^b '^^j^^ oLS*^ jl 

(Jjji> (j-p ti-L^jiJl A-jLju^l ajjLa^L l^:>JLc>B ^1^^^ *y 4^La 
*-jLju^l ^Uaiil ^ ^ ./^:7 J . (Hanson and Stengel, 1984) i-iv j-ll ^1 ^1 

.^lyul _ 4:>-^i SJbljliJl SiJUlJl 

cOlj^jiail «— '>!>H J* (Robert Clarke) o^j^ 

jl5 X-29A S^li? obLJ C)U tL-ljJl tojulja 

(optimal - following ijuLuJl ^ ^^L-VI Lf»-^ j 

oLuitLi«L9> ^3L«Jj i li ■■■ ; < (JJiJLaj ( j-A^Q^ ^JLiai^..^ .technique) 

^ ^L^jjcUi ^JLxiii oIjIjJI ^ia^ljj Lfll^^l |tJLi oUL>cj ^ t^jJUJij hjiaj» 

Clarke, Burken, Bosworth, and) (Lead - lag filters) oL?^ ^ iiL^l 

.(Bauer, 1994 

Rockwdl/Deutsch ^-SL^Ui Jj^jt S^liJ JbJjiiJI jlyLL-*yi ^UiJ 

ol^liJl Jj5-1 ^ i*j>LiSfl ijJLiLiil fjPyui t Aerospace X-31 

. (Beh and Hofinger, 1994) ij^>.JLj akl^l aJa^-^l ij^j^lj iJUajJl 

linear Qnadratic aJai-l lui^^l a^^UJI 15 - 20 

Gaussian Controllers 

oU.^.^7ll (LQG) A-JuiJl A-Jcu^l jU j,JC»»J i-Jojl k,tf../gT 

JL^j ^llv-Ij ^^IjAaJI oLI^^'yi (LQ) ^Ja>JI VHri^l 

iliu-bu iju^ a986 (lqg) 

JSLiJl .1993 IEEE o^JD (Robert F. Stengel) J^;.?.. o^^j 
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: ^2iJl ^jil J (LQG) Jd-Sll j^i:^! ^^LkJ i^l 

l^k = Cpyk - CbxIc 



s _>a_laii 



3 .Ar A \ \ 













1 









» --^jtaia-Jj _^Sj-k3 <TL.QJG^) ^JSi-Jt C-^> 



Stengel, IEEE Trans, on Systems, Man, and : ^) li *M 

.(Cybernetics, © 1993 IEEE 
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.(8-20 J^l) axjIiJI JLolSill <yuj*i3l ^ 

^iJL:i«:L-.( Jj ji^' ^Uaiil L5* (LQG) 01 

.0*^1 A-^«JL»J| aSjjJI ^ ^ J> LfcS* cJbijllil ^_yu»i\\^a 

Ijl^ L>*-^ Sj^JuJI 1993 iJLL» .(i^Vl 

t4jj.«,i<aiiH ol5C«tJlj (ajjk«>J| ^uJojVJ (^J^il^l ^«^LLgJ 

Failed AppUcation of Jlo^t ^ aJUUII ollJaiJl 16 _ 20 
Optimal Control 

0 ^0211 (.-5^" ^UiJ t/^^' <i ^ JJSi 01 

Jl^Sfl JU JJLftil lift .14 JLiJl ^ o^i X-29A OLij> 

»l ^^A^l ^ JbJbJl (jiiUj ^IJojiJl *.-4-4 ^ .<l>oTj MjlLLo 

tilSLlJl oJLA J*li]| o*yU- IjJLj-i j^iil 

(Phillips R. Chandler and David W. Potts) JLuLa j ^JUUi; t-Jui 

^Li* Op 15'^! ^^ Ol^^l dLuoLuJiJ ^1 ^"^L- ^(1983) 
;i5Lluo cJli iil^^y [LQR] ^u^ko OjSo ijujliil ^^Lfl'^Ul JUJI ^ ^ 
^ aiLJL*J j^Lj-il J^l LQR . . . Lfjii .al-Ul oliiJl 

iJL> jyfcj [Doyle, 1979] (^L^UJl ^) SVT . . 

^y>u^J . LQG jl LQR ^ ^ ^JLp iJU ^ J^UdLJ |JL>- 

^^-^ ^ . LQR. . . Ol^y^l 4j>JL^ cuj>t*-/»t vijL-^ ^1 

(English/Electric/British ^ (^^^ ^^•^ ^(2000) . >■ 
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Olj-Wl gjl-J^ (>" JbJLiJl iJliA 0^ aj] iJ jj [oj-jjjj] (^^^U Aerospace) 

LqJLu . . . [LQG] (i jJaJI sJLa JjLl ^IJUi^l^l L,.; ^;Ja^ (ijljB ^ ^|Jjl j^ij 

.^j^.tf.r.^ oil Si^j j^^^j>»iii ^,.So*iU j^Lj^iii iiiji^ij ^jU^ii 

A^ilualLidj^^l oij^w«^L liijil^j OLjlU Uk^lj i-:'^ '■J^l 



ili-t U2000 - 1999) (Michael V. Cook) 6^$ 
4l yfcLjl ^ Ol Olj^iail jii^ |i:o./t7 J\ j «;ijJL>Jl ^v5:>clJl 

aJbtjI^I jl j-OIa^NI ^.ttJajl (oJLa |» ..a i^.H ^^^IaI^ 

J^J^ (Ji*^' J;--,aS>MJl j^;-jAJdl5Vlj - 4 *: . ^ J l 



» Uj^J c jtJLu-j! f^L^^ c(2000) (Steven Osder) jlx-jl Cf^t^ 
dl^JLi^*yi ^ ^yuiJl Ll^ JLJ bSj toi^l "bU: ^1 ^•^[Si'iUJl 



, Robiutnew Theoiy : Sd^L^I (•) 
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JL^ [JLUoJI ^^^1 |*^L^I oJLa UjL^t (OU^pJl 

^ LaSIa W5...7 oJLa S.U./ili Ol^^^i (^^^ cJlS* (aJU- 

JLi^ (.f^j «[<^L>JI ^...ii Sjl^Ij .>U ...ll 

.(crash) ^ ^^^41:^ (B A3jLaj> 

i-JijVl tjjJL^ cr^-> t(2001) (DuaneT.McRuer) jjjj iJU CjIja 
ii*>iJl "iJ^j W bSj STl ^ Lii^ .SJb^l tA^JLiJl 

fciLi ^(JLlLof) ^^ijLl-g^ >cJLb OjLjiiJLj LSljjlj I^j-Sj 

t (Greg Hofmann) C)L-«-ij-* JJLj-^j t (Dick Whitbeck) J.I ^ . : li j 
.(cJj^Tj t (Peter Thompson) 0,,^-^^ t (Bob Stapleford) ^j^lAAi^ 

Laj (4^UJ| oUaJomJIj (»bSfl Ol^^ja LLdUiaI ./Ill JLoJj 

^^^U*j| ^, .../.tII ^ ^,^>^- Jl>,Sf( ^,X>^l ^dlii 

(Ward, 1996) ^.^,^:\\ <JU < ^Hl ^iJVl oliJLdI 

JJjlS" i2Ai ^ J>»i*-4 Jblji-Jl (pitch) jjJ( jl ^^5Lu-I ^liaJ LQG |<;o./?T <J 01^ 

^ j^i^ OJj • J^^' oLiflii V ^bfLgjLLw-l ^Jijoj ( ajJlJLSj <jjLl«J 

jS iiJLJUfcJl J^l ^ iil ^"yij jl JJJ^ LQR Jli-Vl j.X>.l3l ^ y 

t--*-j LQR Jjl» L^l tJiJLj ji* J .(1996) iiJLi JJ ^ U^jI ^ 

.c)l -^J^ ^^'"^ '^^J f-^^ (-) jjii aJjUui 

Robust Controllers, Uicdl (SJUUaJl ^i^lls^l 4j^l 17 - 20 

Adaptive Systems 

<^j>-Ijaj JLj>- »ldSf Ls4^M,a^ SjJUaJl Oi ^i-^^ <«Jajt ^ JLoJ 

(Jju yk J ( (adaptive contral system) ^yli^l ^ Uaj cJl5 ^^SLjo jlL^ 
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^LVi ^ dUi 01^ t (Honeywell corporation) JjjJyfc i^ytJ 

JbJL>Bj 

S^^JL^ J^r^' oUaaIJ (^jj^t (Ji^ (J^ S^Uail jJii ^^«;la!i 

S^Lt-Dl AjjjjJl 4^j-«J( jl t^^y^-uoLljJLil la w «^ Hj J-Slil Cy* i}^ 

j|jb*Jl /jJLj y jJU^l Jip j»X>»i3l |iLiaJ (j^aji^ ^ J . (Calibrated) 



(identification o^^l is^^^ l^^i^I ^liJbJl ol2^;la7ll 

J^LLJL] AjjUaw cJlJ Lo jL::i-*yi oljLiJ ot ^^^1 <^ ^parameter) 
^JLp (^LaUI ^ (parameter identification loop) (J^jliJI .k^jJ^ 
^ toUSC>^l ►Llj SdUJ J^j 1982 L-.LJi ,j\jliJ)l\ 

(Cunningham, ^j.Uk-^c^ ^ J jlj- ^^^ij oJl^ ^liJ ^^r* g^^^' 

syliait Ms ^Vl c-Jiil <AJi^\ <J Uj ciydi .1983) 

iUajl .01^1 i^^iiiuo ^ ^^ifl jLkil a]jJ^ JLuu- F-8 Oji 

JJ ^ ijlicJl iJijVl Li>J \JJj L-LU J*jJl iJijj clJL>. jJI 

: -cuJ^ djj US' . (Michael Athans) ^^IjI J..t.7.* MIT iliu-l 

^^19CS\ Jim iJuS* J ^ ^Jd ^^ibu bUlS* tJuS ^ j ^^^J 

I^ISUJI MIT [Rohrs, 1982] ^ S^Vl •Ij^t^jJl :UL.^ </s^t 
t Ul J (Valvani) ^^LUli j^jJl ^ ^1 1982 ^^Wl ^ySJ ^ 
Ci] SlS'bfcJl gSbii J iJLJl*.:JI ^ 

.4a3U C J 'UibJI •^^^jjl ^ 

j^^iLSUIl jiioall c^L^jjl ^ ^JUuJI ^ (/'^^ 
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jl^l ^ (abundant) Sjjij-Jl i--^^! ol yj-«-»XlJ ^^51111 

. (skewed orientations) ^^:>iJuJl oU-> ^ (redundant inertial systems) 

iJUSl/ijSL^^I il^l 5yLi»j (Hustler) B-58 Jljtrs^ 

.(Hamel J-^i* 

jiijtj .(J j>-\ aIL^ ^ oU^' iijbiii ^i?^ c-JUiiij 

(McMahan) OLaU ijU lij^ Ol^jiail jLki JU> 

JLkpSfl o^fL»- ^ LJT JjsIaiJL! <.Jajt (reconfiguring) ^^jj^ S^l^J 

jLJaU ^^Lji ^^JLpL-jg j>::.i jS q^^^j^ Cr-^ ((actuator) JJiJL»Jl 
1011 JUjS'ji S^lUl ol jJl*i OUL» .S3La3I 5^ 

JLp ^ijii ^ JUc^ (j^^ <*-o-^ 0 ^ of (engine controllers) iJ ^p*Jl 

Robost i^\J^\ u^t jJL^j csjUUoJi (.j::^! u^t is - 20 

OmtrolleFs, Singular Value Analysis 

^jjLUil ^liiLp Ol^j .1980 ^ Uju t45jyj (J. C. Doyle) Jjji Jap 



574 



^^^JL^^I jJbtaJl l^jt i^jJUj (jLji^I O^jL^AaJ 4^UJ| 

A t:uJL5 lij Laj a ./I II (transpose) Jj-5jljo jl (Hermitian conjugate of A) 



JJLiil JL> a^'^L^ ^ (<^UJ| 4jjL1<J Uij 

<^L>Jl 4 q J. Sil JJL^tii ^ij— • JLp- j^yJLp ^Laj W^... I j^.la' ciJDLiAj 
Jtuil^ ^»-iJj .dLiJI jIjULJ jLi^l Ojd t^LtJI jI^^JLlu-I Ji^lj-* 

^IkJU aSL^\ y^^ivrJ i^UJl ^ JiVl Jl:>Jl OlS" lil jl 

<5iJcJl iSLJl AijL/ut tijL-Jj .(Mukhopadhyay and Newsom, 1984) i-^r^ 

J^jJl JLj?-j ^Ual] <iJL>c«Jl ojIjlH Jjj>«J ^L5» 43 ^^i-^ ^ jionT ^^^A j 1 + G 

.(aarke[etal.], 1994) X-29A 5 ^11. JU> 

Decoupled Controls akil^l j1 4i ^ oUS^^dl 19 - 20 

^J't^t^ (J'^'^ ^^J'^'^J ^-2!^^ ^ iJ-i^^^*^ ^t..^i>Gj ^jJa^ <iLi^| 

^ jj^Uj t J^Jtil «-^^ ^ j*^^ tcl^J 

tJ»^^*jJl oLjLSj Jj>-t J tA-^Ujlil oljjll*Jlj tii^s-^LgJl J-Jaj 

.(1993 ^Ip) (DavidJ. Moorhouse) j^jUjjj^ JLiji JJ 

Integrated Thmst 4^UJ^ J^^-^^ ^0 - 20 

Modulatioii and Vectoring 

sylWl *:uJL LJU» fUaJl tiiL.lii3j^^)fl j,X>dl 
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IJLa ^ ^jJl iJisV iiUl UaiiJl ^Ij t^iJjUJJ 

t^ji^i tAjjOiiii ai^iiii oiij^i toi^*L- gi^i j^i 
^Ja-Ji SiLi^ ^jiii j^u-ij ^,j;::>ciji 8 xj\ i, ^uji j^i 

(propulsion effects) ^jJl ol^b 15j 14 ^\JliJ\ t ^^-ip ^^aUJI J-,fliJl 

(propulsion - ^jJLj S^Li-Ul ol^LLJI 11 jllJI t Jjj w .11 J a .11 
JjbL^I Jknil Jbtj oijjJl ^_yJLp Sjili c> icontroUed 

.(L^iitdjjjJ SjLii>i) VHi^' <aJajSf 

A^s^yj ^jJl JjJbu f^;^^ tajW;...il Cl^^mJ oI^^;»mJI dJjJ Liij 

jjjj iiU^^/L i^-^jJlj t (pitching) toLy^jVl ^jj^ **L»-i 

^jJl JjJbu 01* cliSlAj .5r:Ai3l jjUmJI J> Ji* S^iLJl ^UjulJI ^^^I 

j,.^fl*iH ^jJa-u»j fljij-«Jl ij^-uolljij^Vl i:»-jj>-jJlj jj^jJJlj ^jj^ 

cj^jIjlJI ^L^all iljSUl JL» S^li» ^ LjjLtuo i^j^l 0^ .iiLolijij^^l 
.^jA^Jlj (^jLidJ AsJaJl oIp^I JiP ^yu^ 4pUJ^ 

JLt^L Ot ApLict yj JjJbLli ^^^^^ (fjL^I ^-L^ (UjLu 

^jJl IjJoj] CJlS' 1^1 Jlj^l J J 2 W » li ^^^^t^^^J^V^ ^^pA^I 
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JiP Jj.lSiJl ^jJi glx-ij p^C>«ij| ((Steer, 2000) AjjiJLj tDERA 
^ {>^^t V^^' sylkJ j^L^Vl Ja^l ^1.0 ./i* (^1^ j.^)?-;.; all oLp^^I 
oL^^^>t*il (nozzles) cLiii^ cJlTj .ESCT A^jjjSfl AjjUiil o^l 

3ls^ jjJI ^} ^ (nozzle deflections) oLS' ^p*-gJl oUI 4j>-JuJ 

/jLhtH ijjijii Ap^i jjbtj ti^jLJLsiii ^1 jl 1^ • J 

.J^fjjMI ijljj ^jJi f^y^-iJ ^ijtjll J^j tLj*-^jj jlJb*j*yi 

^fij^ ^l^^l V-*^ J-* Vij^ t (eleven) 

Lljjj t-^jUiJl JLip JLp o^Lkli ijj: clJLSukj .ESCT Z 

tils' JL5J .^jJl ^^j^l ^ (pitch) ^ ^ L?-Li^ J-*-?^ l^ J 

.MIL-STD-1797A ^ ^ tJjJl. -V^J 

Concluding Remarks lyobf- oUa»-S« 21 - 20 

B-49j B-47 olylWl U^] ^ SylUJ JbJjiUl jl^^Nl JLij JL5i 
3^ U5 cJlJI JjLii^ ^ o-LuJi JJl^i cJL^j .1947 

.L-LJI ^ c)!^;^^! 

|I^LIqJ| ^IjJ j».^P*lJlj j\ jkLM^\ fJjS 

Lq^'j .jL^^JI O^Ip f^] M JbJL>Jl t,luJL9«il fl>SC9mJ 
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JLdlj '^'i^'^ ^'^j:^ ^>^^ «^Jb>Jt ^.^i>wsl\ ajJoj JJti 

dj^ jS iL.JL>Jl ji^Uiil J> C)l JL>«JI lJu ^ (M.V.Cook) Ja^^M 

IjLa J^ub^J j^JLp JLpLiJ C)t 01 ^JoJoj] ^ Sd^LsdJl (^1p 

t)J .jju LfL>J ^ ^ ajbJLSi^I <3^Pa3l jt t aJ j;>/>xJl A^--iJlj 

^ Ji-|Ji]| ioV^^I <>■ SaL«i-i^ ij^jikJl (pitching) 
i^l^^ iijJJft-Ji tfw^l JUt*j| jju oL5'^p*-oJLi ijj^^l 

t (decoupling) i»LjjMl J-^j ^ (departure resistance) SjilJi-«Jl 4^jL5^ JiLo 

jjjbtij iiijiiii h>zi3^'^\j tj^yij^Ji j^j^Lj i^j-Ui ^^yip oytiii ^liiij 

ol *t^l»j^l ^^^^1 oUiCj>cjj cApL*-i <tH^^J J^^^^l 

.J^^^kJl iJl^Jj <^Jl>Jl ^UiaNI ^JUi J'va>>J 
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^ q\ jtlaJt liiflfcj ^ jot^l 

Flying Qualities Research Moves with Time 



(Robert R. ^j^^JLj*- o^j^ tJL..^ ^Jl Ol^^^^l 4^gjbL.ui cJlS* 
JL> c)l^;:jia3i oljj*^ Js^-] ^ cj\ ^iiail S^^^*^ j^*^ tGilruth) 

Cj-^*-^ (parameters) oLk^ ^^^aju J'iU- ^ "L^ ^1 

ilJWl J-^l tj^^Skj. ^^L-l 01 jiJaJl 

Sdjj>> oLk^^ JLjJL»ftiJ o^f jL>ij« il^'>- (J^^ ^-f:^' (^^^^ 

SjjuJ iIaj .oijVjjiii ^^"^ sjbJLjJi aJjVi ^iUJi •-y^j 

aL>Jl J jLiail ^JxJI Jl 1960 Jl^ Jj .Oljjiail 5ij>J 

JLp aLiJ*^! j-^ y J Oij.LiI ad ^ JLJi ^ JjJb Jjjia^ (Pilot-in-thc-loop) 
jlJall JJL>J j«,^7ij .^iiJiu. UL- ^Lk;^ (Pilot-aiicraft) S ^Ll» _ jLU 4^ ^1 

:(McRiicr,1973) 
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fjj^L^\ jLJaJi JUtj t jt^iL^iJiJl J <-jj>-jJlII (functions) ^Ijj j^^^ •! 

.fi«Ji 

4lldL«Jl oLal»Jl aJL* i^jt/aft t-T-^^ ^^4^^ ^ 

^] fj^y^ j^t^l (^J^ JliiS' (MjUJI aJU fj^aa^ *^^J US' 

JLiP ►IdSfl a^LiS" (j^ftjLiiLij LiJLi^j tAj^^SliJl jLkJl (faculties) oljJJ Jt^y 
(commentary) J-JL«j iilXJI jj-»LjLi cJjj .^j^ ^ L» ^ J^LoJI 
.^^.i^iJlj 4Jjl]| j£j|J^I ^ ^Uoi (ajL>JI (rating) ^JL£ij jL^i 

oLJLq^ ^LriljjJ 4^Lrit aIUJI ^ jLJaJl c) ^^^^ J yUail c)l^;j^ ad ja^ 

<ij>Jl al^ ^^^^ J* ^(tracking) ^ub-^l JL. aJL»*j| aL>Jl 

jUdI JJi a^JLiwDl oljl>ijb!5U *--d,r^^l c^LjUll 1-21 
Empirical Approaches to Pilot-Indnced Oscillations 

jLkJl JJ ^ ^ ^,^1 jljiA-^U 1 - 21 JiLtJI 

.1977 ^ ^Jyjl^l ^jlJuJl ^1 ,/i a II iij-^ J^iU- iljJu>- t^jLllj 

jLIp _ SyLi* iajl^l v^dl^ j\ 4(PIO) jLkil JJ ^ OljI^lA^fl 

ykj tjl^Ml fJL* i>jlSUi ^,X>^I dL^jJ jLkil JjU.j ^\ t(APC) 
^^jLi] j^L-Sfl j*ia>cJl Jj>L* J iiUJi jL^' JJ^*^ 

AjiAln ^^^^ ^'^'H^, ^*-ttiyt^^ JjJUJi Jli^ujl c) j. iiii. U| .»Ji ^^A^l 
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J I I I I L 



22 24 26 28 30 32 34 



1> ^ J!>U ^JL^ ^^JUI jLkJI JJ J^l 1 _21 JiLiJI 

OUI^I jUpI j^J .1977 / J jVl ^;^j-iJ 26 ^ c>j^^l 4^jtJlll fUiJI ^ 

Ashkenas, Hoh, and Teper, : ^) . JjVl 0,^^ 4-^' ji-^^^t ^LJa^ ^>JI 

.(AIAAA Paper 82-1607-CP, 1982 
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i*^^ ||.^o«l]| *^ ^ Afij*M JjLjua JuJS |tJ Id^ .1 aIojud A^uhIjA 

^ (hydraulic) jjSCJjjJUjjl JJLJl jiJj Jjljw ijli^ ^jlp JL« tijL-S/l ^ 
45*^ (.r^ jW^' ((actuator) JAJLJl oUl^^k^t 

t)l tAiu5>Jl ^ tJLiJL>tl!l Jjjco ^Lj JJL>tj twi-^j j-fiaJJ .jl j^oJLwtlj aJLiljI>8 

i«j^^>»iJl ^bJl jJLp (W. a. Phillips) ^j...^L^ jJl*j a jj aJL-I ^ ^ 

•ijljljJLAVl i^ijS iJLf 2^ ^1 tULi' (sensitive control) 
jM SdUJI Up JIp JUU; ^ .jUaJI jJ ^ 4^ ,p«Jl 

J j^.^sm}\ 1^ J ^» ■* V (^ij ( j>- 

jliA jla) J .J 1 :.lt ^Jifi dashpot aaJu^ J^U j ^J^\i ^ ^Jlp 

^^amij 4jtJL^M2^\j KsprashpotD j.^^ IJU A^JUoil ^.^U jUj ^ 
Ch« yUJI UJai 6l . . . F-llF 5 jSUaj (fed system) ^Usi 
^ Jbu |».^»i:JI ■ ^ ^yf J t.^^ (flap-type) ^ ^ i,iiU^»«s3 

^^^1 jljlA^ft J^LtuO J>J iJU^>fl ^JjllJl 01 

^ \^a,,/9jj ^ LtS tiipUAJB (bobweight) J*i*j ili^ ^^UtJ ^ jW^' 

SjjlLa pJLJ aLjSj UoP 4«ill>Jl JJL»l3i aIsS C^^UJl J^hAoJI 

.UfljJI J J (pitching acceleration) f;^^ Ji?^ <>■ 
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Compensatory Operation ^ obi j Ju^^yCii] aJUjJI 2 — 21 
and Model Categories 

4}>li S^^l l^-UL>J i^liUJl jLyi» JJL>J J> 45JJ 01^ 

t;i5JUJi jUJi jji-u ju^ jJ4 u^j aJUxJi ju: 

'cTi^ LT* jW^*-^ 4 . ii^iij-wjJl iJLojJLj i-j-i^LjJl ^iL«jJl 
SjjLlqJI JiLo ijp ji jLJail aj^j-jlJI ^iU-iil J^^j»*j ti^^i^ .a-ljL*j>-j 

LgJLj> J-S^j t (vestibular sensers) ^j^^JLajJI oLu-L-.j>J|j tiJUijJl 

^jL^^Aj jUa3l ii^^luM a^lpj ^Lxit ^^.«L>cl]| .oUl^alilj f^fj^Sj 

J^U- jj» Ai^AJo ojLa (^Jb^iJl iijlLo . (end-to-end) ijLf) ajLjJ 

. [McRuer, 1973] c^ytJ' h^^j^S h\sfSiJi\ oL>Li 

^3 j-«jJi (^JLII J ( ^Uaj J ( S yl^l aJUJ ^JL2j jW^^ 
jl JJi- ^^jjj .(2 - 21 J5LiJI) jUaJU ;.a.l^;7!lj Uvi*Jl ^1 jiU 

.^jjikJl ^llJl ^llil jLjtja ^»Ja.nj 

jLJail ^-.ALiejj _ (J*A*Jl _ '^^ 4-3 ^< ^ O 11 

aJLp-IjlII oULjJH iusAJ^^*iJ( 4JL«jJ( J^J^ <^ <J j^l ^liJi ^ 



583 



-H^— ^ (sI-A)"' 



Isl-A,)'B| 



l$I-A,r 



cjMjL^ J,, . Ji«Vl ^»i::».iJl aiJL^ ^Jb;.:Lil c ^^LJ-I jLkJl ^ij^ 2 _ 21 JiLi)l 
-t^j W t^^l «^>Jr^ ' E J-XiJ A, B, C, D S/lkli 

. Ji^l j^Vl (Kalman - Bucy) - CjULS' ^ ^ S^UaJI c^VU- 

Thompson, AIAA Paper 88- : ^) .^Vl Ji-JI ^>JL' 4/ J^^' ^Ua^ ^.j 

.(4183, 1988 



Crossover model ( ^IjUJI) jj^I ^ 3 — 21 

jl 4iij^'>L« ^ ^_^jjtiJl XJUjJ (Crossover model) jj-jJ I 

Jujj^ ^IjJ jl .(McRuer, 1988) yJl 4 S W ; ^ ^ J^J^ 

ojIjJI 4jL>*JLw*«I jLk>o jJtiaij oJLLP (_^JJI ii^i jAj t^^-J»-<JI ji Jj-^i 

.Odb j\ cl.O Ja^l 
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g^^^l Ja^ sJLLP i^JLlI c)^ J»"»JLi| dijJ ilijj LaJlPj .Ji-jJl L"Uj ^^ii 

^J^iil ^>o ^ 70 jl cj^iil ^ Jil 3db j|JLi-<H 

33jjJl IJLa iJLj>tJj .iJLgjJl ^\ iilSlij (Cut off frequency) ^-kS 

at 

tjUJl obLjj (Uad) J«Jl ^L- ^ jLkU JSUJl t ^ ^j^yJl dUi 
^liJl .(McRucr, 1988) t/U^V' J^*^' ^ 

Pilot Eqnalizafion with the j^^l gf^^ ^T* 
CrossoTer Model 

iijJ (pitch) ^^iiil 4jU»i-<I Ji>» tSyUail Jjj^ t>l 
jl JjSfl i^rjJLlI (^^^ ^Ijj LjJ t (aileron) aj^^jJI iijJ 
t.-*j>»j .iJLkjJl j! ili^l ^rf^ t^L5-Jl 

^aLSaJI aJjkj .^^ii^l JL>t-Jl ^jJu P-UJl jLJail ^JLp 

i^jJLk^ jjb LgJ ^ ^1 ... )i ,j<.*j>JI ^ J-Aij (^jjJt jf (lead) J . ... M ,.. o !l 
^yS^^ JLiP t(Bode) JaJai*^ ^ jW-^' C^J^ 

ijjLyJl jjJLSj ji\ Jau^i J^.lfl* (;;-^-*J t jLlal 1 liujcv* JjjLjbjI 

MiiiLi ^(jiJI t (Cooper -Harper) j*jjU - jijjS ^j^Laa jLkJI 
.(3-21 JSLiJl) jlJi. c-ikj tilJWl J*^L 
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^ iS-^Liil il^^l oUgi jUaU jLy I iijUSl y.^- ^ (oliLj) jjjiJb- 3-21 JXJlJI 
.(McRuer, AGARDograph 188, 1974 : ^) . Ji ^1 jUJI J*- ij-ji 



Algorithmic (Linear (^^^1 ^^^\) ^j^JA 5 _ 21 

Optimal Control Mode) 

^ LjJ:>- j^Lw*>Ji j! Ja>Jl |,X?*lJl ^ 01 

^ L^l ^1 ^^^SUj J^^^l ^ti^l j-^Lp ^ I«jkwJ( cfJU; jUaJ( 
jLkJI Jl<J ol j;^^^ *^ t<k™JI J5LiLjl iJip U ^ a*jLw*>JIj ajj-jLIJI 

|JL>- 4 la....) a jSU? oL^2^bj3 0 UjLj .iUjL«>J| aJI>J| ^ ]g....> Jjj>«j 

Jj^p«J ^Ij JlJ y ojiLS (1) j^iJ L^j UJLJi J (integrator) J-«*-^ 

.(Thomas and McRuer, 1988) j^^^l H^LJL« ci^ljj^ ^ t^JUii 

JLJjj ^ ALo Sdlilytf^ (.$^^1 c5^^l jM^^ ^^J^ ^|Jl>«I«»l |,J JLoi 
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^ ((Hess, 1976; Anderson and Schmidt, 1987) (pilot rating) jLUl 4jJL>JI 
jljiiu-l ((McRuer and Schmidt, 1990) jjU^I S^Jbii- JS'LSm J-L^J 
.(Stengel and Bronssard, 1978) ol jjIlJI li» _ jLU ^-^^iJl 

The Crossover jUaJl JJ ii^ ^1 oljl^lA*^ j ^ ^^j^ 6 - 21 
Model and Pllot-Indnced OsdUations 

J^»^l SJjJb*- 4i-(^J Li 

oljljJLA^ ^Li L>*--ui (Duance McRuer) jjjj iJLi jij JUL! 
McRuer,) 01^^^ I tiJ ^^^>i^ CH^j^ j-^ ^rivr^ cy* jW^' ^ j-i>«^l 

Aj>y>^\ 0(jljIA*yi Ojji td^jlj JJ ^ L^JJ ^1 Jbu .(1994 

S^^JlJI OI^^^I V-^^^ d\j i.oj^SS\ o^yr LfiL jLWI JJ 

^j->j-gj| cUa^! tO-ll«Jl 4^JL2i<J| JJl>6lj| ^ U^'^ 

I^jL o^i 30 ^ iJliA OiS" JLii a994j 1947 ^I^Sfl ^ SJbJL>. 
(NASA paraglider) L-Ldl ^jl ^ ol ^LU ^ JjL;- -li 

^ ^;>.JI jljiyk-iU olii y^j iJL. ^^atj .^^fjlJuJi j^^UiiJI 

: JL, tjLyi Ji 

(essentially linear) LmLm] • 
.oVlaJ*!/! i2*J j\ jLiail JJ jo„^:. J^^^ • 

JJL>tIj bjj^ (^J*^! a2J)1\ JJ-j*^I ^ J.i>tlil p'L:>- JLdi 

vL— .(Bjorkman, 1986) NT-33 OW-JU jl ^iL-'yi c^-^^l 

ti^^^i ai>Ji ^UiJ v-i^* oi^liii iJiiii iJiiA ois" v-^ 

U**iJ ^L^IkJl jLkJl oLSL>.bji oLikL. cJl^ IjSCaj .(4 _ 21 JSLiJi) 
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(pilot equalization) ^JUjl y» j t jLJa-II ^ 1 b-^ j^j^ 
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JO.^- <>!-^ _ jLl» V*^^ i2JL^ ci^Lb^VI 4-21 J5LlSi 

.(McRuer, STI Technical Report, 2494 - 1, 1994 : ^) . iJUll ib^l Xs> 
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JLsJL! ^iX>.iJl ^Jft-. oVJbw cti^j .>>»J>3 t)ljjjj tYF-12 

iui-jSj Sj^^^ jLJa^l Jt* (>■ 5Jai-^l oljljXA*ifl O ^^^Ji JLSJ 

(tail strike) t-JJLJl Ji'^J t (weight on wheel) ij.l«Jt ^_yJLp Ojj-il 

Vought/NASA F-8 5 ^LkJl JLp Jbl^iiJl jl ^^^fl ^\ ji 

iiJjJI ^ i^X^I jiU ^ jLkJl ^\ UMcRuer, 1994) 

t.;Uj>J Odt IJJ .j^SCLJl ^^^kr ^1 4LJbJl Oljt^l fi^^ <«Jajt 

Gibson Approach dj**'^ AjjUo 7 . 21 

ix^L^ 1999 4i5-j^t ^ (John C. Gibson) 

(PIO) jL^I ^ oljljiA^ IaIim oltf.:./i7 (C'Jljd ^L«^ 

.(6 jlJI) iiU jiJl dlL- 

LJLj>[1jJ^\ oLjUjLu-'yi Llij PIOs ^ JjVl ...J ■ ■ ./IT.II ^ 

j^y^ ^1 ^1 jLJaU (>^*jj .Ji.^tf'^: <!i _ i»-jJLll ajjULlJI 
^\ 5JIjJI _ i>.jjJl oLSL-lijjJl PIOs LiJij ^UJl 
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.^LjjVl ii-^t J^^i^" VJ jLkJ( ^ Loj t«S ^Lis _ jLi?» ^ Ruer) 
oLSLoLiJij (attitude) ^jLJ\j ti-^L-j>JI Ji>o ^s J^*^ *^t^^J 

UoaJ (stop-to-stop) i^jlilB O^JLi -W^ ^L^\ 

Neal-Smith Approach iL.^ - JJ aijll* 8-21 

oNjbwj j,^^>tdU (excessive lead) oLiiai^ i2j^l 

^jju (il^^^^Q^ _ JJ AjjU^J oJLpUJI JSC^ jW^^ AJUti^ Aij\»tj\ ^JLdJ 

(lead-lag jUaii - i-iUJ ^i^*^! Jjj .1970 ^L* L^jJ-jj^ 

^ LoJLLpj 0.3 JLLp <_5^>^i ^^i-^^' ^^^^ c ..^T ^ t pilot model) 

(closed loop AiiJcJl aIJLsJJ ti^^l oUdai^t j JUi^l (j,^^ ^i^^J^ 
^^jj jLkJI ^i^^ jjWI <iy ^ Lq5 I requirement) 

.(5 - 21 JSLiJi) ijJbJI ^LSJ)f jjjLyi ^IjL ^iliJI ^iUJl 

oJL^j .ji.l2n j^^Li^l £j>j.uiJ ^LJI ^lJii.i*-*Vl ^ ii- OljJaii 
.((Moorhouse, 1982 U»LipVI 4jJjJI Xk^^ tej^^l 
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JjOaJt jlj«fc*l Jjj AnAt^i 

iiuAu-(J^ NLR ^ -ijJ^ 



BW-©- ■ P' 
*^BW-er'' -2. Tp=0.3s 



_ jjJLil d^Jjt . (pitcli control) ^ jjJI ^^s>cS vi*-^ - JJ jL*-« 5 _ 21 jSLiJI 
.(Mooij, AGARD LS-157, 1988 : ^) S^l ol ^U*l 



Bandwidth-Phase Delay Criteria - JUJ^l ^ ^ jJjM 9-21 

(Hoh- jL-j^L^! _ J-jJLi-^ _ JL>=_<J| ^ j£' j_* dUi j_^Jlp ^L^i JLl«JI 
^ oLpj.«^j t(Hoh, 1988) j^^l Mitchell - Ashkenas) 

.6 _ 21 JSwJl ^ t4ji ^! ^ 

135 _ t^jL-J UajJI 5jJ J-?-JlJ iijJLJl ijLf.jLw-'^ jj^* ^'J <1)>^ o-J^ 
180+ J i>-j5 180 - (^jL-J jjis ijjij JLLP J ^1 a » ■/> Jllp- jj-laJl ijjij 
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idlaLa ^ (a ^Uaii <jL*iJl oL^-wsbjjJJ jjIaJl 3 ^ JJ^^ Jt^^ L^^i^ 



dB 



(deg) 



-100- 



•200 - 



2W|80 



BW 



6dB 



cj (rad/sec) 




<J)m =45* 




MIL-STD-1797A, : ^) jL^ j JLJt! ^ ^ *i.lJLiJL^ 6 _ 21 JiLlJl 

.(1990 
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.oLSJLiilJt J jUail ^jjUJI ^JL2j 0*yjbui ^^^^^ f-^^Jl^^ ^IJL^iJL^Ij 

(4Jli::j^l) ^^^»^\ ^Wifj oLi|j»JLi L^j,,^ SjLili U^jt cJlS' ^IjUji 
42ixAJl 4l2l»Jl (jJj^^ c) j««./T<li (djJl>Jl aJU .li^UJl 

oL^*>»Iij3 ^\ JLii*-uo jL*^ cy^tiJ •(1979 ^Lp) - 
i3jJLJl3 Ajw^l ajU^VI ^^-^ t (Gibson, 1995) ii^^JJ 

^^^^ JUlJuj .SdUji I2\jut OijJ^ '^J^ c}^^ ^ yut djJb> ^^Id 

t5*r4 t (simple correlation) .11 iajl^l oJLa ajJLsJl 
.3 jJL>Jl oJiiuil dUj SJjJb>Jl o'yUJi oJla JlkJ ^ ^ AJUi 

Landhig Approach and Turn (^jl jjJJIj ia^JD ^1 oUl 10 - 21 
Studies 

^ Odliluiil ^1 c)l,;±Ul OJiiLjl oLiljjJl ^ j^^S* ^.Jl.^ 

V^L^I jUJi ^iUj i^rUJl OjJLi 4U1»JI j> jLU] iL.JL.Jl ^LlSsJI 

1.0 Ola^^l JLIP ^Jaij iiUJl <3^l^V jJk-riJ .iwlUtj _ _ 

>j-«4J .^tJ^L^ <^J-^ ia^^^ ; il ^j-^t 21.^^ 'cP^ <^W'*b 

J Ap^^L ^L:>- jUJi oUL»- 4ilJc«Jl oUJL>JLl ^^a^miJl 

^j. ./?flll is^^^^ij J\>UVl olyliiJ Ol^;jiail jL^») ^,JL>«li( oUL?- 0 J 

(pitch) ii^^ iJU-lJiil oUL>Jl A^jUJl oULJl ^ STOL 

tJj U I. ... I jLi* ^LjjI ^ jl ... » ii oLsJLp- jJLp .j^yJLpSfl iijjJl oli 

UAshkcnas, 1988) 5Jli-|jJI aUJJ ^^jS jJ:>J ^j^l J^^. 

gjj ^ S ^Uff _ jLJb Jj^p«J jW^V ^^'^ jl^laH jS*Jl tJ-— 

^ (ideal integrator-type pilot - airplane transfer function) ^UuJI JjiKi^JI 
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(wings-level turns) oj 7 » )i ijnJL»-^l Oljji oL^-Iji ./» : T 
^^Uj c) fjii\ j::!! ^soi^-Lo aJUjlJI oUL>JI ^ ^ oLj|Jb>)ifl 
(Ashkenas - JDI jjd _ jL^i^t ^ ^ C)} . W^....]! 

jJIp i» il^JLj (Heffly) fJ^A^ a5U-JI aaUJI oL-I j Durand) 

Implicatioiis for Modem aLJlJ-l ylS'^t ol^lk) olS^jUIl 11 - 21 
Transport Airplanes 

Jij.; all aJaJ PIO jLkil ^ 4^ oIjIjiaNI ilJl^ c L;t^*dJ^ 
t4--j^^»»iJlj 4j^;SL-uJI olyUftJl ^ jlS ^^SCJLJI J-/»^Lj t)*.;*^' 

j^SCJLJl J-s^^L; Ol^^l '<J^ .5JLiJLj>^ j^^V ^yL-^l 

^ PIO J-jk? t-JL^jj tSJbJLjJl JJLJI oI ^ <^iJ oSfi ^yfc 

(McRuer, 1997) NRC l^^' ii'U^Sfl <^JL>^ ^.yL" oJL^j 

ii,.j>tJl iL^I j-«J o*-^! ^( i?-L>Jl ^jiaiil ^j^j .J. 2?,.. o li ^ S^^J2j>Jl 

:NRC jijAl i>-jl>Jl Sj*«-Jl 

b\ ^ Jj3Ll.^1» LjJJoj ^ (on-board flight records) 

Uj^ PIO *i^lJL>.l l^LiJN oLojJLjt^ JiJ oVjl« jli* 

i3jLi ^ijJJI t (Irving Statler)j^li*-. ^jjI j>^jJI ..iJdl^l c^-aJkL- 
Jj^f^-J Jjbm ^Jb t(ASP) OljjWI cjUSf L-UI ^Ijy (>" py>:- 

AjjLIi (4JllJl ^ oIl1c» 8 (^jA«> iLuuiJ d^^^l (3jJLU4Jl ^ Sdj:^^! oULJJ 

.PIO *MJb-l ^LJJ^I V^* 30 _ 20 _j 
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o J i^. ....tII ^|JL>-t ^ ajIJcU oLtJl ^L^Ji ^jJL:^ (.^^ .2 
.oljl^)fl 4 01^1 Jir^\ a\S\^\ ^ PIO il^jiLLJlj 

.PIO vijiJb-l 

oUUdl ^JlI <JL>JI (certifications) ol J ji)fl ^1 ^ 

. PIO ^ ^Li-bJl 

iij.L5 PIO ^ NRC ^H^,^ o ^\ ol^Jb>iJL!l JU-^ c-^^ 

Grrey,) RTCA P-UoAil a-*uu-3>o ^ jjJl cx>J ^ 4:?-^^ iil^ 
^yilMail ^1 OULJI iLijtj SyUail JL^j ^USJ jjb iJlA j .(2000 

S^l 4jI JU^ flkJl IJla Jl .^ytji^-ljdj jl *^dlj*Jl jyjj ^ iJU 

.o^fL^-*yi Jii- iUUJl ykJl 

Concluding Remarks (Jl^Ua?-^ 12 - 21 

.o^liaJL, ^^^:;7 oLiiiil JL?-! Lij^rj (_^JLJLiij| 

^IkJl J jLkjl Uai- 01 Jl5jj .iiJbi^ Oljji» S ^LkJ I j OL-j)/l 

^ 42L»JI ^ jL^I oLifljJL! A»^\^\ oIt-UbJI Oli (0^1 
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t^^l i^^lj ol J jLkil oUU J^^l ^1 ^p 

^ (<2ijL«Jl 4uJL»Jl n I. » ./l' oLjlSxJ j^A^t ^3«i.;k jL>»ja ^ ^ Jt^^^ 

dS ^U? _ jLl»» S^^JaiJI ;LJUi>«JI cjLI^I Jlij 



596 



(^Ui2at) s>^tku t^p^a^tiijj^yi (^jbbiit 

Challenge of Stealth Aerodynamics 

jl i^j^i oijbi^i J\ v-^^ syUaii 

'' " " t 

jlSj ^^^jjfcfJI J j^^Ufti**»*VI ol ^Lki "yijii Lplid * - 

ji^^fi ^^^.^ 

JLiLiVl JU;7,.I (Faceted airframes) :i-^^»-Ja-Ul c^l^LkJI JJ'Uft 

oljLiVl t JllJl J*«- JU^ F- 117A jl^^ I ^ U5 tjbl ^1 
(Parallel-line planforms) ^•**^\ ^^^^^ ^2 »ij ^jl^l ia>Jl 

^JLp j ^Li>»JL^ ^-ulUJl J i-uiUVl «jl jJUi ^1 ^1 Xjj\j ^jJd 0 ^^Soj 

W2..,J1 c^jl^l -kiJi J^^. 4i*-^ cSaUJI cil^lj Lj|>Sfl ^cJi- 
^1 Uj^l ji^LuJl SJj^l 4jjbl^l oljLi)/! j,-^! ^Jft-J i^^l 

A^j,^ L.J (Suppressed vertical tails) aj^i*.^! SjAj^I ujUdVl 

F-22 JUf5^ syUaJLJ C),^ .J^^Lj ojJL>^ jl ^Li^l i-itJ jbl^l 
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Jlo iJLi-ljJI Ujjil Jjjj (Blended aerodynamics) gj>»*Jl (2JL»litdj^)ll 
jj3 (i^Jj t)l iJLi-lJJl Ujjii t^Li>Ji _ a yliii oLr^LSj 

pla^l (Buried engines and exhansts) ^A\yiMj LfA»m^\ dS'^^^JI 
.►1^1 a»jS\j tijbl^l il^LJI ^ iiS-Ui fdUJI oUyj JipU3I 

La ^ JL>ci^ (Radar absorbent materials) S^UJI ^1 ^1 

Faceted Airframe Issues S ^UaJt JSL* liUi 1-22 

^ t^,U,'..H F-117A JL^^ S^LkJl JSLa 

LjjIjj (^jj>i^l LjjIj ^ ^JL^a^aJl oVL>mJI ^^jt tJU^ ^^J-f^' VW^^ 

c^^^l <-^L; ^ .(1 -22 J5LtJl) ijjl^l oU^lj (i^f^J^fl 
4Jfti- J ^^ix^ d i-L3*-ia-Ul ^L*j»-'bU i-jSLuoLlji ^ J}^\ J 

F- S yOai) ^UU ^ 67.5) i-AUJ( ^\ yu}\ 3JUj 

^ ^\y>- C--^ijJ tP-j^y-iJl ^yuu A-Ja^Jt O^^U^Jl JJ'^^J t(ll7A 

F- jLo SyLiaJl JSLa ^Ijj ^^iJl ^.X^dlj jl^^iLu-Nl ^^JLlp ^JU^ 

(4^il9> V (4^^SLualljAj^[ C''^ V"^^^^ oUl^^ JbJ>Bj ^jj (117A 

F-117A sylkil cJlS'j .o-l:uJl j,.^i>«i]| SjJiS jjL>tij Jl5 toj27...« 
. «hopless diamond* «iy- 4-»LJI» _j ^L/»l jl^ j^J JJ 
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JL^ y iTjJ. j^) . F- 1 1 7A JL^ j} 4L-Uil S/UaU V^-kUl ljJ\ 1-22 J^l 

t (hard-limited) h^^^ ^ yr-^^ -^-J^^ ^ F-117A LkJl 
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d^j /L-jI 15!:)UI *2JU jJl* ^ 3>t}^>t\ hjj JLp ^UiJl 

iulj JU^ Jp-b iJL- jl F-117A o^LkJD ajjSLJl aJ^I jjiuol^^l 

.JUc-Ji iJiA ^y*^ hj^^ iJliiil oijjliJl JLij tiJb*-Jt ^ 

J-^^ LT^l Lj^^ cT^l (servere pitch) ^LiJl jIjj>JMI /jJL-jJl JLiU 
OjJLjj .(Farley and Abrams, 1990) ^j^>hJI ^jjIjJ iJL>«Jl JUi^l 
^Ij (^JLo LaUjI S^iL-u» ^ S^liail t (augmentations) olJUlj- 

^45'^ JUc^ F-117A sylkU ^jSl (elevens) ^^lji>-^jJl oliJJ 

^ Jj«LjcJI ijjj^ tJjS-'Vlj J^^fl 60 L--J 

F-117A S^Liail fjJ^ Jjlii^ -J^^^H Cx^ OLiij-^l OlJiil 

^^jloj (^^^^^JL.JI ^J^jJL Ot^^^^-^f cJl^*^! ol^^ ojj^^ ol^LJ 

18 (braking parachute) iJLo ji iJLkjo S^LkJLJj .F-16 o^LkJl 

^^^j>^ hjSj JLIP (SJLap 160 4^^4^^l SyUa]| Is'j^ ^Mj •^'A^JI ^ 

.ir 9.5 

ParaUe-line Planform Issues JSL^l ^^JaJ jl ^\ iaiA LUoi 2 . 22 

jiiLii] SJLibJl ^li^l JU^! j\ c^li^l j^L J> vU^V' J-^' 

^^U?^! J-«j*iil 5iU IA:>^ S jjS t2 _ 22 JiLiil C o L^JJ 
^jSUi IJLi . jilJl JSLUI ob ^L^l eil >l Ai*iJ Lu: .^Li>Jl jlJ 
t/J ^JjJ (Comers) UjjJI ^ ajjAa ^ JLa jLf\ 

(<JL.i SjU^^ SdU ^ ^1 (Cipj Cnp OljjJi-il olflTm < Jl jlsLnJI 
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.^ji>*fll djJ^ iZm Cipj Cnp Jij (jSJl 

ttjfa^^AjJl t-JjJl iJlJl B-2 SjSUftjl jl^^iL-l iJWl 

<iL».i^L5 ^ ^1 ^jp ^ jii (split ailerons) 43 ^^JLSuo 4:>. olid t,..Ha77 ^1 

Ajli^ ^S^^i-Ul 03 J^-j .jSfl jLlailj iSj^^ o'^U-jlJ 

S^li2]| (^Jlj tijjJjcJl <jc>-l^^l ^j*;>- ^ JUJI ^ U^j 

^ «<jLx^ ^l^J ^ji"'' LfdM^ 0>jIiuJl JjalyUl 0 .AP^^I 

^Li^Jl ^IS^ ^V**^ jl jJSIa^i^ oL>bjI ^jj^ oLS^ ^ 

J-^tuJl ^^^5LJl j_yAL!>J*yi jl jii^'i^ \jj>- ^Jutu^S ^^j7...<li iiL^l 
0 jiil Jl1» t Ljis*:j>-^ t B-2 a ^Liai] (inherent static directional stability) 
^Ss^ Sj^j?-! jy ii^-iuD ^ LtJj lJUj .Cyp jl tti^fjj^ i-tjl^i 
*y ^f^JJl (turn and slip) JMjjMIj OljjjJl 0.,^ Lfi*j 
S^l ^ykj ilJbJl iJLjJ t^JLJLiJl 01 .S^liaJl J*^>5*y ^J-o^ 

p,|jap^ A>tjjJLj ^ ^^"^ (^^^^^ 0^ J-* U^^'^tU tiil^^loJl 

tiJ^ crH^ -^^ ^^J-* ^.5 (^jL--? J-^ ajjIj ^^yi SJj-lj 5^ ^^^^ 

4(i*bf3jVl S^*^ J-*^ ^ t <^ ^'Lw.wgJl Ol^^^iail tO.OSg 

oIa Olji^l oblJLpj Sj^jf! -iK-iu. 01 .S ^1 Wj)f ^Lj iJLjfc 

Cy ^IJLrjI ^ »ijJL»«j t)ljJa3l dJLillija JS'Li^ ^;Jal3l <,l^js^yi 
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iUUI S^^UaJ) JXjfc ^Ja^ C L^l jLill 4 U j>D J>.|aJI J5LiJI 2 _ 22 JiUll 
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(parallel- t^Jlj^ _ S yLU JSLjb ^>d^ Jjl B-2 S yUaJl cJL5 

jj>»iil ^ <>^t^b I J— iJULf-fcJI J .ojLij ^t-V- • planfonn) 

i^a>zj (radar signature) ajjI^I^JI a „ ./r.li oIjLipI Jbcji^ ^jj 
oIS^.WtH ^Lij>JL1 jK-Jl Jjb>Jl ^ f}^ 4ij-<»j^ ol^j 

^ (4-J>- 2 jLip <JjJi ^1 Cnp ^ ^c^^^J>i^ 01 . 57 ... o i i 

Olj^l Uajt d L-ll4 J^t^^l^^ij J jil^^ oldLjJl 

oLu^^^lJl ^ adJL^aja 0 0>LuJl ./itII (aJLox^l 4^^^ ^1 

^ jJP JLJ jj aJLjLj « ^ >»l AAA ojJLJ IJL* j .4Jd (-jUM 4JUJI 

.4jJlJL2i)I t-^U^Sfl ^j^^. 

Shielded oL^AalJ V^Vl a^JLlj I^t c^UdVl 3-22 

Vertical Tails and Leading-Edge Flaps 

diS lij fL^I jLip'yi S^LkJI ^ ^ SJb-^l ^jjbl^l SjLijU 
^1;^ glijJI ;udL*JI v^jSl oljbl^l JSLiJ sy^l J*** 

^ Jjd^^-ojJl (^LjdVl oLiJ»L2j OJj .*J^^-*»6*il iJLyiiJl jl ij^^l oljlil^l 
^ t (comer reflectors) jj3 J^W^' 

t-jL;i^( J-*?^ L?'^' *--.*-Jl jjfc IjLaj .SJjj-Jt ijjlil^l ojLi^l oiLj 
F-j F-117A JL^^ S^Lkil JL» olyliJl A*ci:>-' ^.p*- <iy J^^^. 

.(3 - 22 J^LiJl) 22 

"i^lj c^ilij>ji jji 4^^. * jiii^i ^ j_^,«^>t^i ^ia...n 

IfiljSf UjLi (departures) oljdUu dJUd ^ ^^pjj (a^jaJI Sj^I 

ciJLjj tF-22j F-117A oU-j*vl» t^?^' <Jl t5^>^l 

Sj*j^l ^jjj-^il IjIjj ojj»»*JI j*p JiJdl ^jli- jJIp c-JDI til ^! 

fl5J^ »A3 S^Uail iJu^\ Ajjbl^l SjLi)fl OJ 
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dlJJjl j^Ofji^BlJ Aj^^JLLa Cuts' ^jUjj.^\ (Ji»-tJL«Jl oU-^j (^U:>Jl 

f.UJlj| Jai- jiaJI j^U- JSCIj oLtsUiJ v^'^' JiCJiJj .(^ >I 

iJI^^I tiLoLoI oli oLj!)Uj F-22 a^LkJl b j^j 




^ ^1 \%Si «^UWl2r i F-22 JL^ ^ S ^ly 1 3-22 
VUUJI ^ JUL ^jU-l Jl (^dj^l i^JDl ^I>1 |.J .V^jVl oljbl ^1 ^ a^^jfr 
.(Lockheed Martin Corportation : ^) ^L^Uil ^ ym^\ Ll^j 
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ol jUl VI (thrust vector) ^U-ij ^,^^1 J'iU 

.(NASA photo 93-01934) 

FlghtosWitiiontTtf^ Tails ^L'^j^ yli^l JjJb o!^Ull 4 .12 

j,JU^I J jl ^^^fl oL^LkL. Ol B-2 oiUJI J 0 . „^ . o-J! JLiJ 

jjb La J L^li^Ld ^^^^^^ OjA^f X^'j^ji 1^ jL,^ iiji ^^LoJU 

^"^^^ ^W^' aiJLwLa ^LL^I ^L»iij5 ^^^^U^ Cr**^ 

JSLiJl) jr>Up)fl Ji^ 9^^'^ j\ W ^jij^ ^Uil L«l l^J c^Jj ^ 

jjfc Ibi^^l c-^USbU J-sii^l JjJlJI OLj .(Ohveri, 1994) (4 _ 22 

^ U^^1JL«J) oUdj (thrust vectoring) ^JUi ^^{-"-^ 
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40 UjJS ^jJHk Jl Jj-^^^ I ^ tl997 ^Ip OjLU Ji 
Jj>i^ Jj>iJ JL^^I aI ^jdl ^L*-i A-^ y ^UiJ 0^ 

c^ljLiL? jUail ^Ijl La^ ^y^SULi t^Uo-^fl jl^^^fl ^ ^Ui^^^l 

*^ y S^}^ ^0 ^^J^ ^J,r^ y*^' tA^^LJL c-^Lu-Sl 

^jlU as^K^ i3LiA 0,,^^ LiJip ^^^^^^Ij jl.n.n ^jJI i3^^»^ Ji>^ 
.oLyJ^yi ^^^\^ ^ (y ^,,b;7lij (idle thrust) 

.^^;kJl ^^^jaJI ^^^1 ^^>./>7 l>Jli» oLpU:::^*^! ^ JL:>- 
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Very Large Aircraft 

J-tL-L 

.JU- 4jI ^JLpj .Oj-^I SJbJbyJl iJJUJl JiJi ol^L^ ^^T^ 

iS^LojJi ol yLkil ^^yiju t) ^ tSJL^j.o <^ ^ 400 _ 747 S ^LkJl 

J^^ij<-Jl ^ tllSUj .c-JLkil J^L| ^ A380 jj^Lyj Ji- <j*UJl 

ol ^LU] i*s ^1 ^,^;:>ciii j ji ^*yi j^it- ;u:>-i ^ 

The Effect ofHighfsr Wing Loadings ^IJUl ^ SJUJI Jl^Vl jJtl 1 -23 

400 - 747 ^.^1 ol ^LU JLi> ^1 JUSfl ^Ll>JI o*^j-^ 0 
UJ ( JbuLa 1000 4£i ^ 'ijjW-^t ylkii 777 ^ <joJL2lJ| tJLiv»^l j 

oL>-jJLa J (oljLk^l ^ 4-«J^Lija ol jJLkJI aJL* oJli* IS} 

(4.«j>&.sa3I a ^Lk3l aJlA t,_^lll3 LfLjbu t.-.^^ ^^1 AjLui^I Jil j^j (Ol ^^.«^lj 

^ ^ J t C'^^' J-*^ <^ >^ aJUJI oLlilil ^^^J^II-- ^^ial^l 

^ L^S" iil^ 0 j^l ol ^Ua]| ^ ^^jij*-" J^-^ 

^ ^^jUaJI i>*i:^Vl oli ol yOJl i-Iji o^- JLii .«:5U*il ol yUftJl 

.«UJI oUI ^^1 J oLj^I ^ ^ «:^l ol 
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ij^-uoLji J^^l J-^l cy^l t*^^ <^ljj^ y ^1 <^ jLg-Jl 

^j^^ t^jti^ ol yLkJl J <JL5LiuQ J t (fuel slosh effect) i^jJl 

Hie Effect of Folding Wings ItjUl a».:;;>-^l 2 - 23 

Lft-Jj .j,-^i>tiilj j\ ^ ajL-saJI ji>Lj9j cajIj-c^j t jllfl o 11 

^fi . JLpI Jl L-^ ji>ii ^ii^Ji J. cL. 1^ Jl 
4**j t-ji]i ol i*i* J . J*^ ji** >»1 diijj L)uj j^L^i ^tji-*^ 

^!lIj>J| ol^.^^^T J Lj-^ J j-iail j»-S^l^l J jl dUIj yll^ 

Ljbj .^^aS"! ^tjS* Jsa^ t)jl j^j J*l J^ tjljjir o j-^j .(^jia^l 

glJl Oli JiJi S jSi[^ t^jJ 0 ^^SL--. J ^jJI Jl JLSLjJI yu>l\ Jb 

^^llj 4^ /^l ^jJl J.,..;?] oUoNI iia SjJL* JLp ^Ij 

J JLii t^jjL^li i>ti;>-'yi 0 jJj •*-^,>^ j' i]^;>c-« >> 

Jl L-JJ13I J> ^ AlJl J 20 Jl 10 A380 aJUJi ^\^J\ 5 Jaia>^ 
^j-ij Ji«*ii ol . 747-400 ^ijjJi JS* iol jSiyi ^Uflj ^ J;}^ 

^Ll^i ;au J jvi:^ US' tj,x>^i j ji ji^ j s^uJi oUU.:^fi 

Altitude Response Dnring ii^JJ y ydl pUlt AjU^I 3-23 

Landing Approach 

ojUj oljLii-l ^ jLJa^' (>• j>*^\ .^^^^ jljiA*^! ij ^yj>»j 01 
Juo^ Jl Oil jS (Powers, 1986) ALT-FF5 t^f jlJUJi jU^I 6 J»^l 
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dljij*iflj ^liijj*^! Iju c)t JJ ^^^lJ Ji^ tiJ^^SLJl ^ji*3 . (clcvon) 

. (Phillips, 1979) 0 iii ^1 ^ i^JU JU^I i-ijl S i_jUpI ^ 

^ji] i^l (1970 ^U) (F.A.Cleveland) jlJ->UJI^ 

(glide path) jL-^ ^J^" ^j-Ucj C-5A ^^^"^^ S^^liail ^ IIa 

Jys«aj (^"J^l JS*"^^ ^j-oAAAi ^JJ (|t.j>b»Jl ^ jj^Ij Ja-^^j-«J 

^LJI cJlkij. tS^ 2.4 C-5A sylkJi ji 

4^ ^1 obljJl SsA ol jj^Ij |< ^ i-j J yc«Jl ^ J . C^^^ -'^ 

Jjbuo JbJb^jj (pitch control circuit) j|JL>J*yi /jL-dL Sjli 
^ ^y>Jj\ ^^L^l ij_^5LJt jl^l tOj-flJVl iii 

:(1988 (Robert J. Woodcock) iij^ijj o^j^ Liijj .jL^iail 

Jl ^5^1 jlS [^^^IjuJI ^Uill *i ,,XJLI] j.*", .W 

o'jU-lJui -LJLJI glajj^ s ^liJI oLUci-^fL oLjUj 

.aI^JLqJI ^.>ri./i7i ^UJl ^.^.^tII oIj««^j (^jjJl |t^»cj 

JS OjlS jilj .5 _ 10 JSLUI ^ yfc US' ti^LUI j,X>^l Ji-jJ oUJi 
^Lj>j ((Person) Oj— j-*-jJ t (Smith) it* t (Grantham) ^LlJI^-p 

oLUai^i aS^UjJI S ^Uail S3 ^ (1987 (Tingas) ^UiJ j t (Meyer) 
ol^liil JbJb>c: j»Jj .MIL-F-8785C ^^^^iJl ^ ^j^j^ ^jU^*^! 
CMIL-F-8785C ^.mSJI y aJL* 0.12 Jl 0.1 ^ iiliiil V-i^* 

JSLIjj .W olS oLLuu ^ tSfU^l S^^l ol yUaU iiUU 

(^L« Oi^r*^' J^^-rtoJI (iJ> tJjSfl jl 

tiJL* 0.15 ^ ;jUi3l ,yj3l ol^ls] 4j5i]| sylii» iti _ 1011 JL4^^ SjSUaJl 
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ijl>.i**iVI c)l (1995 ^Ip) (John Gibson) c)^j-«*»- 

,^]| ^,JL>iJlII j^I^ j-a (_jjIjuJI j^^UoiJi ii^^SLoiJ Sij-^^l 
/jJL.jJU ;ujl^l <s>^\ jjL^J SiLj cii^^l oU)[L 

.ol jliSai jt ^ ^UJI ^,i:>.iJl Ji* 4-^15- ol jj*- t^ikr 

Longitudinal Dynamics 4j ^) oLSLobj jJI 4 — 23 

^^^fU J^jl syOail Ji>. iJUJi S^^l ol^Liiil ol;^ 01 

cjVS jjt ^ 4*5 jj C^^^ ^ V*^^ ^ii*^! (j.^ ^'J^-Sj 01 C-5A 
^^^1 ^^./iSlI jjjJl JIjiaI V-T^ tJLi-gJi J*-— jJLp .J. 27.«.»n IJLj»- 
tSilp . (Mueller, 1970) jlJ^luUI Jj^I jjjJI JIjiaI ^i^;. C-5A sylUj 
. Jj^l jjjJI jlj:yfcl »»y j-S^ jjIpI j..,^2il jjjJl jlj:yfcl a> jj Oj^ 

Jaii .U7oj^ JLJji»i.gll jIjiaI i>Jl Ot j^^l-i (^^La«Jl ^SIIj IjLaj 

^^JtiJ . (Inertial pitching moment) (^Lk>Jl (j^>*^l L ^--^ ^5^*^! 

^ ^(.^^^-^^ JbtJl ^jit ^ojui ^ ^^^jij ^J^^ oUa^j^l ^ Aa^^I aJLa 

jjjJl oIjIjIaM ^j^fl-S^ull W^l lu ,^ j^^lju Lajo tj^j^l Jj-lff jl ^^^^1 

.Sj«S3l ol jSlUj jj^l 

Ojl ^ i^,fi,/t\\ ^ aJI ( (Muller) ^ Ui j ( aJLq^I aj^^juJI j 

M-Sr S jSiy I ol OijLJail ^ijj .iiiw 01 jJ* C-5A 2 ^UaJl 

.(trim point) Ojlj^l ^ksj 

ol yUaJI JL* iJ^I oLSL-LijJlJLJ ^-JL^J J^Li^ ii^L^ j 

.4j ^I Akoj^ jj.^ II oIm jiU 4j>i;J::5' aS^UjJI 
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RoU Response of Large Airplanes j^UaU 4:^ ^jJl 4iU£U^l 5-23 

oLiiaiJH C-5A ojSLkll <sr ij^^ cUlIj 

(William D. ^iliJl ^Uj ^jt^^ ^1 j5li2]| ^ L^iJaj ^1 ^1 

.S^SlS dUi Jj:^ IjjJET (1983 ^U) Grantham) 

aj jl« C-5A a yUail JUl J JLfJjJl JliiJ *JLil ^ 

C- S /UJl ^ JjlJLiII ^1 ^ JIt-^I j^*-! J*"*^ ^ J 

.4>- ^jJI ^Js- S jJLaJI aJU cj./it (>■ J'l ^ |>^J aJ 5A 

_ oLUaI>o ^J^Li>tIJ ^|^*iiJLll ^^>tl3ij t±*j>tJLl Aj»-L?- ijllA iJlAj 

oJLitJl ^UaiJl c-*i:>«i3 tAd^iLgjJl ol ^UaJl (time- to -bank) ^jikjul _ 

. (overdesign) 

Large J^^l J>Jl jl ^li S^^l ^UaJI 6-23 

Airplanes with Reduced -Static Longitudenal Stability 

olJLiJb>c: ;Lii^'>L. (1996 ^U) (Greta Ward) i jjj o jL*! t777 

Dl ol^^iy I ^ jAj L.JLii> ^yti^Ui ^^iLJl ^1 jl ^^'^/l 

I ojJLS] ^Iijb jjiuoU iiaiLs^Jl ^ 0 ,/To !l V^J^ ' J^t^' 

j^Vl t-JJLH ^^^ia-- c'^' (maximum pitching) ^^^-gJap^l (^.-^jjiil 

J^l JU^Sfl JL^I t^^^ IJLaj .JSL^JI o^L 

Large Supersonic Airplanes aJ ^Uall 7-23 

SjSUp tOj-^l j^Sflj ajj^j^l syUff Oj^o C)l ^B5^^I 
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t (Steer and Cook, 1999) ax*i^ JS'LtJl oIa JjJ j tLw AiJaJlj 

^ ^JL^vlMbAil i^jJl ^^-^-^ ^•-^ L|j|iia< (jL^I ^^i2A^ j! (|t..uMj>Jl 

.(HCST) 4Jip AjjU-iJl JiJi o^iy 



CoacbuHngRemarkes i:Lt\3a9^'^ 8-23 

Jil ^j-qJI ^ Jil ^1 jj,^ j-ii-j J .Oli jj:^ C) 5>^^-<>-d (JLkXb _ 1000) 

^\ ^*Lj hjy, ^1 cf^^.^l ^^^i jJh m 

JU. cJUiij ioljLiS^I jl ^ ^LJI yikLlil • 

i (pitch control) yJl jAiSjjMl ajL*.!^! 

j op-^UI jL:>-j; ^ Lb (overdesign) JiicJl JSljjl I ^W^,..!! • 

Aj^jxiJi jjjIxJi ^W-db Aj^^iwii «jiia*ji _ 

toT»-LtJl ili ^"^U ajjj^^I (pitching moments) 

^^^o^Ij SjjLl4 v^iw.7.«i^f Oi^^^L) fi^^:>«l]| |iliaj J.2w7 • 
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Work Still to be Done 

i.ibT.j i^^^ s^.;.^ii oU>-^Ni 0*1/ aL« 

oJLa C)t J'J^-dJ '^^l LfJj J la < 4jij_5_j_P 4_>c_jJL) OJL?-j JL5 t vIjj jJL-y-j 

Ol^liaJl C-«J JLa] .P-LliL oj\Sj>- j] Jit C> .-..I <-JL*ijl 4j»-L>J1 

^ SJjJL:>> oLL>iI^I J oLjb«j |«^»mlll J jl jkuJ*^ (AJurl jlJl 4»M:»>Sfl j 
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j^^LajlJI j_a dJLiJL) iUip^ t-jL-*iSfl jlp-I CjJ 

NACA c*fl^l LiJLiP iJuk J .OlJL*3l IjLa jy J**3l J^r^ • J^-^ 
(NASA) L-U Ks^UoiJl ^1 ^Vl ^^^j -lJU cu:>i^l Lo UjJ^I 

^ J-a^>i^ t>S^ OLS" LLp U-u-T ^j-j-^ ^j-JLJ j^^^^l^-jj . 1958 

H->jLpJi**»l ||J Ji ^ (>i»^' >"W^J j^J^^J ^fj^J^J^ 

41jUj> jSL-»i-j ^1 jS^I t Ajb ( j-lA L-LJl f^U^i ^ 

^y ^ - g - ; ^ ^* jj-*-J p-UAiil vijL>c_jlj ^UjL*i OLS'j .j->«-^l 

^^L- *-dijJ pJj '(j^^^l ^U^iil ^Ij^ jd*^! ^ t^Uiiil 

jj Ji-i Uj*- J L-LJI jjLfjji^ cTi^ J'^ C?^^ p-UajUI j*JI 

t,^^!^ ^^""^ <ij^fl cL^t^ JLoi J (IJLa 

ijjf jJailj oU-^ Li ^jj cJlS" jj^lj 

jJLj L^j ^,^».iJIj S jSUftjl jl ^^5lu-I i^L-! ^ JJ15 

: US' jAj iL^jfi ^ Ji 4j1 
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^Jia^ «j| JLSUJl J-^-fcj>»ij|j tj^jJJI ijL>i*-l ol^;*i-bj t^J-U 

. J-^l ^JL5; 0 jJb oL;.7,..U TDR/TDPF 

Jbljiiil j\jJai^^\ As>-[^\ aSj^^I g^iUiii .(struts) 

(aeroelastic iJj^-Jl iJj^l ol^b ^ <iy»-Jl (iJJ^r^' • 
Jjldl iif-. LjWj tJjjjA UjbJL»J ^ effects) 

c)t (aeroelastic filed) J2»- 'J^j -^Irtd^lj*^' ^»***/a«\] 

^ ^JlSLiJ 4J^^^*J| AjJj^\ ^JLl fjjl\ cJ^I '^'J^ f>f*^ 

o^f^LxjB fJLfi- OjJUju 0 ^JLi^-oJl p-Vjjk Lfj ^;Ji-ij iiiit 4^JLi 

J -Uj^ ft-f^W^ ^ jA,a':„.*]\ (private pilots) 0 j^x^^l 0 jjW^i 
Jl J-M*: C)l j^SCJLJl J-^^Ij tJ'ji^l (t^^ VjJJ • 
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•Oijjiaii oIpL- jt?^ ^^^1 t--*jjjijtj tjLi3-*yij 

oL^^fLj Ij^^^^i^mJIj J t J.St, .. oil A-L-i-L-'ill 

.t5>Sfi oijaii oNUo. J |ijL5ii3 a^c-si" tiiii ju>LiiJi j^xJi Jl 
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5 ju^\ iuim s 

tiij^j^ 1 1920 jJj (Abzug, Malcolm J.) jJ^Li ^^Jj*} 
iu-JLiA alj^i t(1959) .MIT (1941) ^jjj^Kj 

t^jS^i J-«^ Jbu ,^jL>J\ ^ Aju>[s^ (1962) 

Lj* S^Sfl v^Lvail i^i^l^j .A2D-1,A4D-1 ol^lUi 

A-9A, ol ^LkJl jj ^ ^jyjyj tTRW i*Jij! t*-^ ^Jt^ 

.YF-17, B-2 

.LJUl,.,;, t^^Li 1931 |iLp jJj (A'Harrah, RaUph) cjUlj JjU 
t>tri *^ Cr^J^ '(^ri LF* ^^J'J^* owUr *(1955) ,^-.^^1^ 

Olj^ jj^ (-^^ (c)lj:^l dLJliLJ djLpI .^^l2j>JI 

.V/STOL 

^^^! ^jJ 1918 jJj (Anderson, SethB.) o^j^^ 

^ ^(1942) jt^^ .(1941) o-JiJ-^^ -^J^^ ^Ji* 
^ 03^1 oLiia^ ^ J>«l*iJl L-LJlj NACA ^^jJ Jj^I 4Up Jjllf .jji^ 
JL* 577 ijlsl tr^^i *-aJ>JI yfcj . V/STOLj ^jJlJUiJI ol yUaJl 

.V/STOL ^ J-Uiil jL« 

tiJ j^,^ 1916 jJj (Ashkenas, Irvhig L.) *lU-J^1 O^?^' 

^ i(1939)0l^j U1938) A^j^j^j^j^Kj. t(1937) ^^^^ISIIj 
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iZj[ijS ^\ ^ P-61 ^ jjjy Sy*liaj| ^ ^ i, [^^jj JU-i N jl J 

^^^^i..^! jjjiJLjl 4.«Jajtj SjJLaJI oLq^»ij J^t ^ |» ol;lla7<j ,;JJ^ 

J:^! ^ ;jaL>Jl ^ jLUl jJoj ^ j>j-!U3l ykj .XB-35 S^UaU 



iSj^. (^UJU 1963 - 1880 (Bairstow, Leonard) ajU^ ^ 

oI:l5J ;^Li]| otJJl i:LJl^j .1914 ^Lp J> L^^l^j 
.oljiJ j,^::>cij|j jl^^ JlUI 1939 

iilJU-J! t OLiu J 1929 jJj (Barnes, Arthur G.) j^jT t>-J jL 
jLi^j^^ySOJl jijJl^'lu- ^7...,,r;Lo (1950) ^jIp ^^jjjjiKj .SJL^^I 

1990 Jl 1954 |iLp ^ 5J>.lJ| ^ipL^ ^ 4Up jj ^1 

.OlJftJl l^yr oUS^ ^^jjkdlj i*j>Jl dUi Uj 

.Oljilail Sdj^r jLy I i^t ^ ^ J\ ji^ J-3 ^j^l JLi3 

.Jb j-Jl (SAAB) tjL- J (KTH) *V jSL«p dl ....:<? JJul^ j 

tiij^^ ^ 1925 jJj (Bflirle,lA^]]iam, Jr.) *Jj4^ 

JLSi .j^L..jjj liJLiiCJ^ JL^ju jji ((194S) c)l ^jjj^l^ 

gl^^lj .XF-103 SyUaJlj F-105 S^IW jl^Vl ^Uaj 

^ 1924 ^Lp jJj (Bowman, James S., Jr.) j-j'VI j.. . >- tjL.jLi 
(^iLS .^j5oJI JLjjtJI (1951) ^^yiio .yU-iJI liJjjL^ tOjiiijijjj 

.JjjJUl jL^J^fl oLS"^ Ja*-^l ^JjJ Jp 2939 
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.OU^ oLJL 1918 ^Ip a]j (Bratt, Robert W.) ^jujj c*^!^ 
^j-JLLp cjI^ 015" .OU»S..< (1942) »-Li t(1941) ^^jjj^Kj 

1918 ^Lp jlJj (Breuhaus, Waldemar O.) jU^jUIj c^jUjj-i 

I ^^L^ ^ ^ (1940) 01^ ^jij^^ .^>jl ^ Jd^ 
^ *ifj>-u» ^jUj^ Oli" v»^^SCflJl ilj^^ ^ (1961) 

t***.j ^ olyLkJl oJLa ^JLi.i-.l tT-33j B-26 olyLkU ^■l^i.Ji 

1928 - 1864 (Bryan, George Hartly) ^^^j-JUjU* ^^-^j-*- O^-e'^ 

^ 1911 |iU ^ Sj^^l 40 yOail aSj:^ o'yaU- ilJlS" J5>J| 11* ^ 
^jj .1904 J (yLL, ^) JjVl ^u-ljjJI ^ iluJ^JI j^L-Sfl JSLiJI 

^>SL^ ^ 1924 fLp jJj (CantreHCoyR.) ^^kr^^ 
.^^1 Uj^Is" JL^ (1954) j-L-^L- t(1953) tU^'i^^jl 

•wjLa 2^ij-«J tSR-71 syLkii j,Jlfl*iJlj iJjy^ ^Ls; .1954 

L^l kjUL. OlS*,, .Ljj oUUI ^^LS ^iiii 4F-117A 5^02] ij ^ jL 

. YF-22A ^.jlSlJI ii;j::5iJl ^OjIUI ^^i^ 

, ^7,., . ,tjJLi' ^ 1942 jdj (Cook, Michael V.) J .,.f.7. . 

^>i^^'>>Lo 4<1)^^L*jIj oooU- (1965) ^^^^LSo .5JL>«iJl iSCJU-Jl 

5ajJL>«Jl OjJLl J^l OljiWI i^jJ .jULij|> 01^1 ijK (1967) 

S^LkU Ol^^l ^UiJ j^-q-hajj t/* ^J*-^ t)^ 

syLI»j ( jdUj^ W^^^ sylkil t^jit^iJ JLj^ILl^uj oI^^^I (HM2 a^jj^\ 
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(-jbS" (^tj tJLLflj|y> Jijjw ^ jlSJj .jI^Ij>- j_y5ULJl J-/»jJIj C)\jt)al\ 

.(1997) Jl^l liUUiA tfAU 

,^L^ ^ 1915 jJj (Cook, William H.) ^Uj tii^ 

tj_^iJLJI j^L-jjj Xjji^ t(1934) ►Lij^^ ^^*2*«^Loj ^jl* ^^^jJlXj 
JIp Jl^l jiJi *Jj^ OlS" .MIT JL^jw ^ t(1938) ^,jJL-»:^L. 

JU^mJ JLpL-^I d^j .077 J B-29,XB-47 Lj-J Uj c^.^ ^ >^i./>7 

.ULjjJI f't^jti 1^16 jJj (Cooper, George E.) ' 
NACA/ aJU^ ^ .LJj^l5 ijwU- ^ t(1940) 
j\ jJal^>i\ ^ ^ ^ Jl j,-aL^I jL]aS\ jLl^l i-u-JLLjJl NASA 

J jlriJ^ - jiJj^ jd*^ ^Uali jijj^ 



.LjUiA 1994 - 1919 (Cztnczenlieim, Joseph) wi^}^ ^(^W'J 

-L^l 0 jjIj il*Ju^ S jSUaJl t941 C-jiu^ ^^)fl S jSUa3 j 

i^^j-jjLjJLlL? ^ 1910 ^Lp jJj (Doetseh, Karl-H) Jjl^ i,jLSji 
c(1943) ^^J^ tt>>-^ 'J^-j-'" (>» c(1934) ^JLi^^ ^jLi .LJUt 

t07C7 jyl) ,^^1 J^^L Olj-Wl mJUaL^ .j^I jLJ«^ 

Ol^^^kll oUiUoj tOI^^AJl JtH?*-^ Ol^^-Jail iiiijj^jt^^ tDo27 



1960 - 1894 (DDiicaii,^i)^^lliam JoUy) ^LJj 

JLpL^I tjU^I O^JA .CJJLJ i*jQL>- j;yD ^ .^^SL-^ 



620 



iii oLJaj ^-UaL-- iiJl^j .1952 

J-*ail" fjJ^J tiXj«lli3jjj)fl oLfc-Ul tJjjJl cJIjj^ jAkiil 

.LjJl I . ,., ; . t^^jjj 1997 - 1916 (Dunn, Orrffle R.) J--»jjl Ol* 
OljJft]| ^ ^.i^lj jl^^fl ^^JL. Ob jl^ .MIT t(1939) ^jijjli^^ 
DC-4, C-74, DC-6, DC-7, JiiJl ol^iip ^Ivu" o^^j^ 
^tjl^ A^iajl J^\-3- ^ i-sAiit^l 0 jJal JJL>el3l ^tljl JLii J . DC-8 

.dLobi a} j£ DC-10 S yLWl Sil^Ji (J J^j .iili^l 

^JLo ^ 1944 jlJj (Efremov, Alexander v.) jJiiLXll tci^^l 
^(1996) t(1973) 4fl,..U oljji^i .j^^l iL>J*yi *e5^j> 

IL- J TU-204 ol ylWlj iALA-40 dUauJl tOlj^ i-JL^iJl i^^^ 01^1 

. SAE -LjTjsIlj i^i^l -UliJl ii>J 

.iJLii" t jjDjjjJ 1918 ^Lp jJj (Etkin, Bernard) jU^-j tj-jXtjl 

jjiS'i tjijjjy ^ t(1947) ^jJLp ^^^jI*-j»-L8 t(1941) ^^Ip ^jjj_^15Ij 

SJuJ j;;^^! ^ .O^jL^ ot»L>- ^ t(1971) (lj^) ^ju^ 

tiJUt oLjiJ» LjJ j^ij ti^JLliJl ^,.^>cij|j ^ ^jfiy^ 

OL^ .lydKJj Oylj U973 _ 1893 (Gate, Sidney B.) ^jl^ 

ajjjJUJI oi^^l JJU: J U5lj SUp (^i! tiiil ti^l 

^ a** JUftj Ob .iJjiJL^JI ol^^l ^1^1 oli^ ^j..:.fl.7.^ ^ 

.Oi jJail Sdj:>> d 
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JJL>.iJl iSJUJi t jL^l, ^ 1933 JJj (Ge, Brian) 

^Lk^l .Uiiii ^> j> OlS" .>-«JtJl- ^ 4(1954) u-JiJ-^^ 

SyUftJl ^ Ja^J^J tOjJjIj tOljJail ^»>^>«J A,«Jajl ^. ^ o >/ t7 Jjy ^^Ij 

iiJliJl iEAP tjiiJj^" 4^_y5lLJi jl^^ <^I^J Jj^^ 

c^lijJt oLikoo J^ji»" ^ ij*-iL-^( 4jL»jfcL-»>o dJlS'j .RAEVAAC j^j^j 

.LjLiiA i,^j^^yM 1937 ^Lp JlIj (Gera, Joseph) '^.n^ 

dLJlSLJl ^«i«^L. Oj-jjl U1961) OIji* ^j-'jij^^ 

cj^Sjla oI I J*:?- j»JfcL- JiaJ .Li*3r^ t(1965) 

alij .L-LJi j^yJL>JM (^jJ OJbIji 01^;^ j^ja ^ ^ 

tr^'>* ^^L5Jj C)lj*Wl J^b oL^UmJI <JLol5U OJLiIj^ ^ ^j-r^I 

t^l^ 1929 jJj (Gibson, John C.) C>>sr Oj.m..j.>- 
k-ALi t(1999) 4fl...U alj^i tjULiJiy^ t(1958) 

_ 1952 J ttjfjJis:^)/! .^Uiii/t^jJis;:^)!! •^^^i j** .^jiiJi 

Jl^L^ S^Uftilj 4TSR-2 syUaJI ^ijAl Ol^l j.^:*^- i-JaJl JU U992 
S^IUJ jLilJIj ^^^SUI J^^L OI^I ^ J-l«ii3 

ajULJl t(EAP) i^^^^^l S^LkJl cBAeFBW t jiUjjJ 

- a* Jj^-^l .(^JLil ^n.t.i ^,^L>ni]|) j^J^ VAAC J 

liJjj-JiL; t2000 _ 1913 (Gilruth, Robert R.) ^j^jj ^^jj \ . r 
.1937 |iLp j^yi Lw-Ul Jj>ijJ| .L-^^-.-jl-^ ol^L>- ^r~^L.» .L:j--.-j^ 

jJlj .L-UI ^ ^liybLjl ;L5Uii| oL^I ^.JLo l^^f 

.1983 ^Ip mjUJj 1974 ^Ip L-LJl jl.t?,.,* CjI^j 1973 ^Ip JpUj 

;SCUJI (JlJLIJ^ (1934 - 1892 (Glauert, Hemuum) 
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0^ .^Juj^iS i,^^^LyLjji JLjJuo ^ t(1915) ^ j-Lp ^^jjJL^ .Sjl^mIaJI 

.iijjHij-^ sr* ^^^^ '^-^ (GoettjHarryJ.) ^^^jU* tci— 

a- t(1933) ^^^^Kjj c^^j> 4(1931) ^^^^Kj 

.L-Ul ojb^ il**mj ^JLo lis-*if ^^Ij .ijcrl jiJI i^^^f-Sfl jJIp 

( j-i-g^Luy ^ 1943 ^Lp jJ j (Goto, NoroMro) jj^jjjJ c ^j-^ 
t(1977) i^JLiA fllj^i t(1966) i-u-JLjfc ^^_>jJl5L} .OLjLil t^ljUU 

|t.^>eJ - jLis iJ ^^JL- »^ ycJl 3^ J.^^'^l ^ iicoL>- 

ijcaU- ^ J^J .^J^^>«-*^l oiJbCLo J^tJUJl 03Jba» AJLgjJi O^LLJl j«>SC>eJ igJajl 

^^A^iJ\ JLp-! OLS" JLii iJI jj» aLLIaJ Jil*-^ t)!^;^^ |»Liaj 

.MIT ^ ^'^\ ^UJlj L-LJI NCR ^jLUl 

.Oj: ... ; ji^ tl992 _ 1922 (Graham, F. Dunstan) jlju^ji t^Ulj-p 
oi^l^ t(1947) JLSL^ ^n—^^ U1943) u-^^^^ 

^ (^jlJ d^j .1948 J 1947 ^ (^jJ j^5Lu.L:u3jy.l^ 

AjiJu a ylip J KC-135 0 yLkU aJSII oU5:1>^1 y^^- ^ S/ SijJb>«JI 
iiL» ^ iijLljo «^3-«^ ^^jLJl J-sflil jjk tJL?- j_jJLp .fj y>-\ 

.LjUI tfjj-r^L* ^ 1936 jlJj (Hamel, Peter G.) ^ ^Jt-U 
^. fl .t. t ^ ((1968) ^JLJLfji jy^^ t(1963) j^JULfji fj^* 
J** J*>.U j^jJl t^jJ .MIT ^ (1965) ^■T-.-r^ i(TUBS) 
ilL-kj (DLR) tyUSfl ^LMoiil il*^ ^^j^^ *^ »JL^ ^JU^ Jj^ 
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^ oL^L>mJI ^\JJ^\j jij^ V*^^ *J ^jiju> jjkj .TUBS ^ 

1926 |»U jJj (Harper, Robert P., Jr.) j-**^! tj-5-»jL» 
OljJaJl fjl* t(1952) Ol^l fjl* -Ji^j' *tr^^^ 

bjjJlJ t^JLJI jLii-*^! jLL»j L-JLi^^ jtiJ^ <^*^ -MIT t(1953) 

^Jul^ diiJlS' J .J^L>cJl e3jj>J ^jL* _ jiJj^ ^JLSj ^Llaj ^j-Jaj 

SL^U^ J-lS- NT-33A J F-94 ol ^LkJl jLc> jl 

Soj>J ^L-Sfl lL>cJ| dJUi^ tX-15 J SJSUJI oL^^I 

U987 - 1903 (Harris, Thomas Aubrey) ^L^j-* fc,j-HL>Ufc 

^Lijj J-ai t(1929) ^^jjj^lio .Ll^^ ^^^^--jIjIj 

^-^^^ J:>U. L-UI JLjJ^f ^IjlS! 10 _j 7 hy^S JUjSfl 
oU-^j oL^I OlS'j .^^^W**^ Lf* 

U993 - 1896 (Hans, Frederic Charles) >JjUjU slL^jJUjJ 

.(1922) Ji-^j^ -l^^ff^ tri^' 
^Lp tt^j^^ _ JL^jJLSJi _ djj ^ j*^ «tll c)l^;j^i ^Llu^VI y 

^ ili^k ^Jii-j iSyLIaiL ^ (a^^I ^J) Lli^ 1930 

..^LJi^lj cOUaJL- 1917 JLij (Heald, Ervin R.) ^^^1 tJLL* 

j\ jULa il5 JLflj .c)U*.!t,:.< Ajuiis^ ^ t(1940) ^ 

J-Q-P Ujj>- JL?-!j ^ 0 JjU-Q-j oJLjJL^I ol ^U2JI ^ ...all 

XSB2D-1,XBT2D-1,AD-1,XA2D-1,D- ol^LUl JL* ^.X^^lj jl^ii-Nl 
jULa 01^ tLb-Vj . 558-1, D-558-2A4D-l,A3D-l,XF5D-l,F4D-l,F3D-l 

4-Lj^ju> ^ (1923 jJj (Heppe, R. Richard) aj\ A 7 *j m,. j. » 
t(1945) t(1944) .U^^i^u. t^^LJl^ 
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JU^^ ^^jj JLiD .err ^ ((1946) jy^nrJut Oj^U^ AJUoL>. 

F-104 syLkH j^LkjJl i^lyJl J^UL- i^L* oUj^L^ cQi^.bl! 

^iLojJ SdJL>cja ^j'j"! oljjLuJl jJpLi^ ^L- Lq-S" .JS'LJLJI 

.LJ j^l^ - JUjS' ^ J Jby UJ ^c^l J . YF-22A I ^liaJl 

td^jj^-JLil ^J tl943 (Hodgkinson, John) 

^jL>.j>>L) OjV^J^ a- ^(1965) .SJb>«iJl ;^1UJI 

^^liaj^l Olj^l (iJLi o-i*^* c(l970) 

iS" ^ jJ j^io^i J aIS ^ ^ J JJji iJLo ii"^^ J»^l t c) yj\ J 

i<Jj.j^\ (AlilSLoJl 4^qJajVJ ^t.^>^l J jl j-Ol^^fl ^ c) J^y.JL^djJk Ot « »1 ... < 

. oljtM^ J^^l •^ys- '-^y J J 



tOj-i^^ cl969 _ 1886 (Hunsaker, Jerome C.) ^jj^^ 

^ U1912) ,;;i--rl- ^o-tr^^^^ ^(1908) o^j-j^^ -I^J 
^^5L«JU j^Jiil .^LLj JL^juo ^ (1914) elj^i tMIT 
t J-^liJl ^_^LjJLil jl NACA 1 ^yiJl 

^l^j ii9i4 ^ ujli cMrr ^ ji^^^yi US' .1915 

.sjbJLp oljiuJ Mrr ^ i^ij^Ui ^LtfjiA 

.jj^Li t jy^\^, ^ *1929 jJj (Jex, Henry R.) *cr^ 
JLiJ tOT ^ t(1958) jtP^^ tMIT i(1951) ^^^^Kj 

a3 ^ < ^ ^ J (J'*-^ — J* ^^JLJL>cJLli ^iL«-lj| ^j^j.^^.^ JJ^ 

Ajft^^jftl j^^*-uJjJl jjJa-«Ji jJbj oL-ijij tisj.*^! oij^ la>8 tJjoLcJl 

^Lix-HAil ^^Lkil 4^JL>r7...4> H (a ^27,.. 0 II _ ^^5*J| ^ijs-^UJl 

autostabilized-whilc- j\ J jV j,^l>«iJI ^LlaJ L^S" .olSI j 
. flapping or omithopter, the Q-N pterodactyl replica 

Lj j^b ( b jjt^ 4 1995 - 1924 (Johnston, Donald E.) oJUja ( .^jX^J ^ 

tLJjj-iJL5 ijtj»L>- ^ t(1952) X^Jujk fjJLp ^^^jJIXj .*-j^j1j>JI 
tijf/jj»-j jK^^till J-JLflfcj Jj-A^ oUjfcl—ui cJlS" .^jJL>jt 

^jb« c-jL; oiSj .jjois j^LjLqj oi^^AJi tt-^i^i 
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^^-^j F-4,F-111,F-14,F-16,F-18 olyLkU ^.JL^I JSILa ^ oUjJlJI 
.C-17 JJj3 i3L. ^^;*«iJl S^iy Oi^lj* 

(JL^^ (1975 -1887 (Jones, Bennett Melvin) ^^ys- 

fj9^\ .^JU^lS' c Jj^L»j| JL^ju ((1909) jj-»^^jJL^ .1 
lij^ ^ n ^LlaJl .iL^Lij5» ^ ^L-j .1910 

Jiiuo Jjtj t^_y««S^i y^J .1934 ^Ip ^ Sjj-iiJl tJLJijjJii iiLsliiijjjVl 

.Ijj tOj-^L- (1999 - 1910 (Jones, Robert T.) t^^^jj 

^« aUp JLju .1933 ASJy\^\ iSL^t AjuLt (1928 ii^jj^ 4juLv 

J'ili- git JiJ .1934 NACA JIj J»^\ 4^ 

.S^liJI o*^aI« Ji-Uil JU^ (1936) W ^;5LJI jjjkJI 

..LJjjL^I t^jL- (1996 _ 1935 (Kalviste, Juri) ^^j^ a3U 

ot^U ^ ((I960) ^L^j ^jJLp ^.—^L- ((1957) ^ jJLp ^^^jJLSL. 

i^jjijjjj X-20 ^^iJ^ Ol jSliai] 01 jjia^l ii'^^-J p-j^U^ j^jip JLS] .j^^alJ-lj 

iZJ>ii\juJ i-plJbJ (i»UL-^ c^^i^Ip JUj .ATF syliaJl YF-17 
oIjLj J^j J^^^fl t::jiL,ji ja "ij^ (Z^Vlk^ ii^l ylkSl aS' ^ 

(L-y^ iiJiL j> 1946 Jjj (Katayangi,RyojO (JULIAS' 

t^jJ <LJil}\ oLpL^I ^ -j^^ 0^ (2000) olj^i ((1972) 

jLi» OjJb 5 ^IWI (T-2CCV (1^1 5 01 jjiail ji^" ^>Jl ^ j .T-2 
SiJLuij. Ol^^l (i^USC*»j ^ ^yb i^oLfJl 4j^j .F-2 iJLfLLJlj (QF-104 

.NAL 3 J* «>i«^i 
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^jJLp ^j^.jjJLSL| am _ 1901 (Koppeii,OttoC.) ^j] 

Ajji S^l*Jl S^iyi ^,»„/i7 j^^^Jl J** .MIT t(1924) 

j\ jlL^^] ^jlj 1929 |iU ^ MIT J^njJI .a t« ^^iJLi <:jI^» 

oJLpLSj AjUJ iJUkj tSyUail ^ ^ t^i^^J tSyliaiLj p-5l>tlilj 

^ UJLiL^I oUL>Jl ol^*b ^ I^L J-<^ U5 .1965 ^Lp ^ 

olj*4Jf.j ^JLSj (JL* '5L^Lp- t^^U ^ 0\ 1949 ^L* ^ 

.^^UiJl ^ FAA 

tjj^jL. 1920 jJj (LarrabeejE. Eugene) t^lj'a 

(j^^lidl jLmSjj Jlfx^ ^ ((1942) iiLjl^A>aj ^jiP ^jJj^l^ .^j^JwMi^LiiLa 

jl^^yi ^.o,/77 ^Ij^f t^il .MIT t(1948) jt^"^ 
jjJpj .C-46,XF15C-l,XP-87 .j^j^ ol^Li2Jl ^^JLp j,-5L>^Ij 

.SJLjJL* Ol^^l-J i^jjjjjj 4j«joL>- MIT ^ SyLkiLj ^,-5C:>6lilj 

jJlJI .L-J^ 1925 jlJj (Locomte Pierre) ^-^^ ic^j^j} 

Sll^t CJ^^ OlS" ENSAE. ^Uaiilj OtjJaU LLJl V^^l <^jJUJl (4^JJtl]| 
Ijb ^LSL- cjLiS" ENSAE ^ Ol^l 

^J^j^mJIj Vtt^' oUii^Q o.ii;7...oll (^jJlJI OI^^I 

jLl^l ^ yi ^ jW*^' Ol^J .^Ll^l i»j.5-wJ <J^;Jalj| oi^^... 

Al>J fj^jj t JL .I*!; ■«» J^^i 4^ JJ^J^ S^UaJLl Ol^^^Jail 

ojJjjk ^ 1937 jJj (McDonnell, John D.) ^ J-Jja iJL. 

^ U1965) ^j1j> ^.T.-rLo ^(1960) ^^^jJlSlj .LJj^LS' 

DC-10,MD-80,T-45,C-17,MD-11 ol^LkU ^.^SC^l i^JiJlj iJ^^*^l 
U5 .^!iUj3 JJji i3L. ^IS"^ i^jlJ (HUD) j^LMiiil 
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JJ j3 iiLo (jdl FAADER iJ j-,^>i^l oLJ j ^^iSUj j 

tjULi^^^^^ ^ 1925 JLij (McRuer, Duane T.) CjIja t iiU 

^^i^ J-4LiI y^j liL» Ujj .CIT 

dLiUji AJljip t^JLilj i^LiSJ ^^j*53l ^j^l^ 

^^*.^7oil Ji>iJl 4*vt>i^l AjLoJkL^ . ^^^1 |t.^»B£JI J 

4iJL>Jl ^.ttJajf ^ ^ oLo jLc«Ji aj>JIji>o j ^^-ityJl ^t.^9«iJLl <^LijJi ^^LoJlU 

j*UiJi 53j>J JL>JI Jl^>1\ kj^j AiliJi 

Ijuj^j cJ,...L. ^ 1939 jlJj (McWha, James) ^^^r Jj iJU 

aryi j*iJi ^ Lu 30 jJj .777 jiJi syiw ^^^sjui j^^l oi^i 

.L.LJI ^ Olj^yi ^S>^j odLUI SAE ^S^\j odL2i] 

191 1 ^Lp jJj (Milliken, ^lliam F., Jr.) f LJLj * j . < . 1 . ■ 

t^JLi .MIT^ t (1 934) oL-^L jj jj-^^j^l^ OjljJLijt 

i^j^yijj tl994 _ 1909 (Mueller, Robert K.) c^j-j-jjj tj-Jj-^ 

olj^i U1934) U1932) ^^^^^^ .ii*jjC::SLJj^ 

iJLJUiJI Jjl ^ iJL^Ij g^l .MIT ^ (1936) 

gl*-Ul JjU; UjI j>j ..IjjsS'jJI a:^j>^ Miib V^j*^' 

^ 4/* S^Lkll oLSLuoLijJLi 

.SJLiiyk ^ 1943 jJj (Mulder, Jan A. (Bob)) jU- «jJLI^ 
yfcj 4tuLi A«Lr ^ (1986) ii-Jli oljji^i i(1968) 
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syiyi ^ JUiuUI JSUJIj ^ (^UAiUI ^Ji* 

oLi5jj j^JJI OIjaWI jii^ tJlp mJUJI i«Ljj| -757 _ *-» 

.Sjl:Jj_j '1967 _ 1897 (Neumark, Stefan) jLLjl-* tiJjU^ 

jl ^^iLw«l Aj^^aJ Jji»-t cJLS^^Jc^I it«J ^ ^j^l iill^l jJu ^Ij Jj>-t ^ 

^j-^^^IS:j .^bijJ ^ 1947 jJj (Nguyen, LoatT.) ^Oti^ 

J. 1*1 .MIT (1970) EA.A U1970) ^jJL* ^.7.., •>.L» U1968) ^jJLp 

^JkL-J .4JL1JI ^jS;t^\ oL^-usLji L-IjJ( j^^^ 

.J^Uaj^lflj ^JljjLuil A>ajlJla jjJL^ fi^>clll fUaj ^ 

^;;ji^L» .iij^^* 1925 jJj (OsMler, Stephen) ^^LLju- fc^JU-jl 

U1951) '-^Jji^ "^.^ '(1946) bjj:^]j 

^^^^ (^jJ jJ^^^lj *±*>cJl ^JLo 01^ o',;^* «J*^l tj_,5JLJl J-^jilj Olj^jiail 

AH- t,MD-80DC-10,NASACV-990cQF-104 jLi» OjJb sylialj 

jD^f jJLu- Lu-Lj tjj^jVt (reentry) Jjj-jJ( SaLpJ ^L-^I ^Jili^^j 4 64 
.jMI Oli 5^11* tliJb^j t,.lv5Liil il^^ jSfl 

1912 ^Lp jlJj (Perkins, Courtland D.) jU^^Ujj-S' fc>JL-j_r^_-_j 
^ jJLp ^^-jLi*j»-Lo tjj-ojjij-u- JLj-*j8 ^ t(1935) ^ j-Lp ^jjjjJL^ .LjLILl^-Jlj 
Ji^ j\y»iJ^\ ^l: JU> jLj^^ JLpL. .MIT t(1941) 

pLfll jl ^;52-i^fl Pjs:- .iJWl ^LJUIl 

.^^^yaSfl ^UIp JLmj Uyi ^^^><<'^J 
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ojj-j ^ 1919 jjj (Phillips, W.Hewitt) tj.. , . 1 .i 

^ ((1940) t(1939) ^^jjjjJISCj .JbL-**-^ tii-j^sUL. 

NACA JL aI[^\ JJ \Juj:>- ^jyuJ\ fjij OlS" .MIT 

Sliai^ cJir (2 ^ J j\ ^ ajIJUJI cJl^ .1940 

t^il dlil^ .1947 ^ Jli^l iiji jl OIjjJlII S ybiy oLliS'L Ujj 

t^L^Lo ^ 1918 jJj (Pinsker, Werner J.G.) t jL^-jl^ 

jjUl jlSL-Lu OlS" .^;;Jj5j ^ ((1939) BEUTH ^jji-*;rLi .UUl 

1919 jJj (Poisson-QumtonPhillipe) c,..Li - Cij^^ji 

^UiiJt J Qlj.lal! LJLjJI ijil? jJI jJuJi t O^jj ... H o«^L>- .LJ y (^jijJ ^y 
iJiJij 01^1 ^^JL-Luij^^Vl ^ I^L>.^^lI^l 01^ .(1945) 
Afi Ijb ( 1^ jSfl ^^jJ J .1975 |iLp OjV--d^ ajwU- ^ 1 J\} J 
^ S ^LUJ ;LJIi^V| JLSLiSfl JL* J ( 01^1 Jl* ^ i-j^l 

^ 1967 . t!-^^' (f^^l J J^ilSVl 

(^H^ ^J^^ "^J^ ^^J "J^V^ S^U^ AIAA 

.IjulS^ h^Li viJjjJ 1942 fLp jJj (Rdd,UoydD.) JU^ tJUu 
alj^ij t(1965) ^jJLp ^.?...r^ ((1964) ^jJLp ^^^^j^l^ 

J^Jjy ^^^^^ AMJiis^ ^ ilXijJt ji<^ J-* "J^JJJJ A^^bL:*" (1969) 

.fjAAhW ^t.^j>^\j j\ jilju*^\ ^ ^i^jwuu-jJLo ^^b^ ijjLljB .A-jSUiiil 
ol^*b OLJ Ol^^Jail J**-iJj ^^"J oUJaJl 

(1970 - 1888 (Relf, Ernest Frederick) dL^Jb^ ^^^-^^ri^ 
4^^^^ljLjdj^^l ^iJ^^iaiJI OUj} ^ ^^-'^^ .A.R.C.Se . c.:.^ (^Lf^^ 
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.SjJiJl old aJ\ ^\ JUjSII ^^Uj ^ 4jg|jl>.Lyii*y (Ljij ^^,r§^ 

tJ-jfLj.*^ ^ 1913 |iLp jJj (Ribner, Herbert S.) c^j-^j-* t j-^-jj 
U937) olj^ij *CIT ^ U1935) ^-^^-^^LSL .,>i^lj 

L5* oU-*L»^ .^ ^la; . t ij iwl^ c(1939 

01— ^ 1927 ^L-£> jlJj (Rodden, Williams p.) . 1 u O^jj 

c(1948) ^^;™j>-Lo t(1947) .LJj^l^ t ^.......ll y 

^LS .^j-L>jI j^jJ ^ Ljjj-flJL5 4j«j»L>- (1958) t LJjj anils' ijt^U- 

iSj^^ iijLtuo j^^ia^ J jl ^^iLu-*yi a^La oUaI— ugj dijj 

.sjLSJi 4jjjJ\ oltfT.rJ i.jij;.i*-»Ji 2 ^^iL-^ _ ajsJi s^lkJi j:>-l JjSi 

.ULjUJ tO^^^^^J tl992 _ 1911 (Root, L. Eugene) ^^jjj 
^ t(1948) jr--^'^ tdLij-L ijwLr *<1947) ^^jj^Kj 

AjyiJl a J?-! ^ cT?^ (Jij^ L5* Jd^l ^JJJ 

Ijl^Ij ^ Ojjj ^^.0^1 J .AD jJb^l^A^ S^Liailj SBD ^^^^-*Jbjj|j ^L^yVl 
.p-LiAiJlj ^jijij*^!) JLwjS'^ aS"^^ (J^j ^'^Ij aS* jJ- ^^ywwA^jjo 

J. 7 La .SJuJjjb ^ 1930 Jiij (Roskam, Jan) t^l^jj 
hut\j>- ^ (1965) iUli flljj^^ tijwiiil •^-Aiii ajwU- t(1964) Ol^j 
- 1959) J (1959 - 1957) ^J^ jj jy^jJl .^>kJil j 

^1 J jl yi-Vl Jy yiJI 01^1 grjLiui JL* (1967 

4^JLq-JI tj^^-iLu-^ 1931 ^Ip ojlJj (Ross, A. Jean) t'^j^jjj 
<ju»L>- ^ (1965) j (5 .., U olj^a t(1953) ^jJLp ^y^jJlXj .5jl>-juJI 

^JJJ C*.^*^>tJ (JJ^jLi (IjjjJij ^^^^L«Jl c)ljJa]| A^uyuH^ (^jJ .Oj^^jLiri 
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.2 ^IkJl jJL^ ol>l jJlJ JUiUl i cJljJall 

; 1913 ^Lp jJj (Schairer, George S.) t Jr^^ 

^ jJLp ^^-lI-u^Lo tjj-ojjlj^ 'JUj-^jo ^ t(1934) ^ j-Lp ^^^jJl^ .LJLflJL-Ju 
4^^^ (^Jii JjjiJi j^^-Jl •.Lij*t .MIT ^ U1935) 

^ Oj^Miii ^^j-! ^ ^^ii^^ • B-47 0 ^LLJl y ^ 

<5JL-Ji oj^dl^ 1932 jJj (Shaw, David E.) jULa 

JiJ .OJ^ tt^jLi JL^jui t(1954) OljJail ^ j^jjj^ISCj .SJ^iiJl 

BAe 4j>JL-V| i AVRoe dluoLiiij^^l oMUi^ ^ J-^p 

Oljj-lii <i ^1 ^yLJ>- y CL^\£ ij^^ A-^yJi CMJ^' -'^yJ^J 

.J>.lS3l 01^1 Jl ,^^^1 ^ C(EAP) A^.>>dl 

ilSX^I J 1947 jJj (Smith, Terry D.) ^^j^ c^i-^ 

.OJiJ 'tij^^l^^l JlfjcJI ((1968) i-JLi^l ^ ^^^^Kj .Sjl>»i*JI 

tjl^Lr syiyi JLp Oljjkil ^UiJj j»5UiJlj jl^^/l jL::5^l 

SyLi? <-ilji^' J^^' US' .O^ij ^JJJ^I aIjLIJIj c jiljjjJ 

S^Llai] ij*Sjl 01^1 Uiijl ^l^^j jl^^ j^^Sil-Ji J-/»^^ 

.(EAP) 

.iij^^ ^ 1904 jlJj (Soule, Hartley a.) ^^jU fc4-J^ 

^j^j—* ''J^ '-^J^d^ OtjsL?- ^ t(l927) t)lj-iaJl ^JLp ^^^^jJISIj 

Jjl tiilj t VJ>J^I i-J^lj -1927 NACA Jl 

NACA Jl jiJ iJjLJLJI ^^;i:kj| CjIS'j .5 yUa3l 01^ 5ijj>J ^L.^ oL-L* 
Odl ^^1 t)l jJail Si ^ oI.IIbt* *p ^ ^ j^*^ ^1 

.4j^^^I oLL^I J aJjlJI oLwi.Jl Jl ^L^Jl J 
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c, .., J ^ 1938 fLp JJj (Stengel, Robert F.) tj , -^.^ 

^^JL-^L. tMIT ^ t(1927) ^j-^^yiilj .^j^^ t^jjl 
;i«L>- U1968) aLJS oljjiS^i t(1966) 01^ *(1965) pIj^Sj 

^ SjiU* ^^J^ t^-^W^ CT*^ J-J-**^ L?"^ .c)j7«*.Sj^^ 

.jJjjI <jj^Ja}\ 4^j-flJl ^ j JLoJ UjjJLj (Jj^\ j»-5L>tlil ^Liaj ^^4> ./tT 

i^j^^l^ ^ 1942 jJj (Szalai, Kennth J.) ^. .< t^-JI^ 

;^Lr ^yi c(1964) ^Lj^j ^^^yiSlj .^^^^^^ 

0JLjIj3 >^j-^ j-d'J^-^J •cT^vH'^' - cr^-?J-^' Tu-144 ^j-^^l Jji 

JJLoliJij^^l c^jlJI vrjj (jj^ ^j^, tL-LJI ^ Ql^yJaU 

4^^^j>c:Lil ^1^1 tjiJlS'j .oJLLuJI C)!^;;^^]! oIa^^j fj-?^ ^'j-i 

X-29,X-31,X-36,X-38 ol^lUi 

i2000 - 1917 (Thomas, H.H.B.M. (Beamont)) (^^jL.) t j-Li>; 

t(i98o) •ijjss'a t(i964) ^jjjjiis:* .sji*.iji t jljlj 

tj^^SCJLJI A^y^ dL-liJdj^)fl ^ .1979 OBE t^^-Jlj ijwL^ 

j\ jjal^^\ t iJliil <*-gJLJ| y>J\ p-LIj! j,.^j>tlJ| ^jJa-u- jJLualljia 

U^li (, yjj ^ju^ ^ 1914 jlJj (Toll, Thomas a.) ^U^; tj^; 
^fL>tj8 fj:^] .Ljjj-iJLS' ^(1941) ^ji^ ^^jjJiSo ..LjjJLjjJI 

J^sioit L*jj .S^^^Jtifcil AdutfJLi^Jlj ( 4ju>>I^^i«J| o^ij^-Sflj ^cJa^ 
SyU? ^^^\ jjl* Oij^j^ Oijij^ Ui*jy^' 
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.•iLjjjLi t^LJIjL^ ^ 1957 fLp jJj (Tonon, AUo) jjjl Oj-J^ 

UUajj LiL-) j> LJl t^jJ .(1980) jijjjj ^ ^Ji^^y^ 

^ UjLj tlOOO A^jjjSfl iJLrLiJl j,X>^ O^li ./i. ^ («-^ j>»j AMX 

.EAP ^1 

^ 1930 ^Lp jJj (Wanner, Jean-Claude L.) ajJIS" _ jLj>- tj-*-*^ 

^(1955) j-Ji i-w-jJLo ^jli^ t(1950) ^^jli^jb .L^ji tc^^^ 

^li j^Jlil J-**^ ;>*-*^ .pUai3lj OljJaii LJLjJI ^IjiJ*^! i*-jJUJl j^;* ^»Aif>" 
jLli-l ^JL^ja ( tj^O*" 4I^JLi- a ^UaJL ^Sis^\j j\ jkLJ)l\ ^ 

tL^j;. ,t,7il 1981 -1921 (Washizu, Kyuichiro) ^^^^^ ' J>i?-^^J 

ijt^L>- ^ t(1942) i-^JJLA j^^jjJLSLj .OLfLJl ^j^^JLijI 
<j>Lfll jjjJ-ljj^jJI igjbLw*>o v:ujLS' .j-jS*^ ijoaU- t ( 1957) jjxJi^ 

i^3«Jl J ^uful\ ^LjJI (i^j Ol^'bU ^JLli d jJb> fjifi l!t»mj 4^ 

.(1974) j^LLJi 01 j-UI i-JiiA ^ ^^:^\ J j\ yfe-NI ^ j^L-Sfl 

.tgj : ■ 1 il tj^LSLj-i a993 _ 1899 (Weick, Fred E.) JU^J tdJL, 

JL»J^f ^ dLj OL? -t^^^^J ^ ^(1922) ^yjjliSij 

^S>^\ vi*^ ^ LaL-uo a936 4jLjJ 1925 NACA ^ 

ISjJt ^ 11 ./I o < IjJj-" Li9-*y ^t--^tj .i*J^ O^LytjtJ -Wj---* fLiajj *jjJL*l 

A^*^ OljSlk 4I...1.IHJ (Ag-1 SjSlk JjSf (AmiJI^Ij (l«»mJl 

ojj_j c2001 _ 1918 (Wesrbrook, Charles B.) pjUU t^jj ■? ■■■ »j 

Jy.rr-4J J*-^' .MIT ((1946) ^jlfi j^l^Im .iSjjjji^ 
jl yfcL-*yi jS 1945 f Ip ^1 ^^lJ JSbJl OljJ*3l oLSL-ba 
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tVj . » tlOOl - 1910 (White, RolandJ.) JlJLJjj tc^^lj 

^JL^ Iju .MIT ^ t(1935) Ol^j ^jJLp ^.7..,^^^ ^1934) JjLJl^j 
t(^J-^ cJLa. cC-uIj _ (JjJ Ji>^^ <_y--6-^' 

JiiJl Ailj>l tC-46 jJL;L.j5 o^Oail JL* (iVee» jt ^^Ul 

Jb-lj t^Jj B-52 S^UftJU j^^lfjJl oUjNI JU>->> .j^iliJI 

^jJLp ^j^^^LSLj .1988 - 1925 (Wykes, John H.) 

^j-SLj .^iJji^i LJj^l^ ^ju>[^ jt^^ tMIT t(1949) 

aSjJ^ ^ Qlj^laH ^ (jjJ i-w-JLL*j c^,-5Lp*iJI tjij27.rt^fl ili jJ 

oly*Liai( ^ i^L- a986 Jl 1949 ^ yjjJl Jj^jj 

VJyjJ^ 1987 ^Lp ^ .F-86,F-100,F-107,B-70 

Ol^j ^Ju\yuS\ jl^^fl ^y^lJbVl J^l Jl '4^iJ>yi .YF-23 S^LkJl 

a995 - 1907 (Zimmennim, Charles H.) yMJSJ o^j^hij 
jji-»»-Li t^j-tLJlS' iuwU- ^ ((1929) j^jij^l^ .jj-»LjI^ 
.1929 ^Lp ^ NACA ^ <JL^ OL«j-^J IjLj .Li-^^ ot^U- ^ ^(1954) 
^^SL^LijJlJI jI ^,JjL^*yi JJU^- 1937j 1935 ^ NACA ^ 

^JL3 _ 20 tAHf*jV JUjI ^ JUiil jjjJl O^j .dUi Jbu ol 



635 



jH^ iTiltlj jl j2lLm^\ (jf^Mjl 5 jju^^ SLiSIJlII Ojuull 
Short Biographies of Some Stability and Control Figures 



Ahzng, Malcolm J. 1920-, b. New York, NY. B.S. (1941) Mass. Inst, of 
Tech., M.S. (1959), PhD. Engr. (1962), U. of Calif, at Los Angeles. After 
government laboratory work, he joined Douglas Aircraft, where he was 
stability and control lead engineer for the A2D-1 and A4D-1. His later 
industrial experience was at Sperry Gyroscope, TRW Systems, and Northrop 
on the A-9A, YF-17, and B-2 programs. 

A'Harrah, Ralph 1931-, b. Warren, PA. B.S. Aero. (1955), Penn. State U. 
A'Harrah's career is balanced between North American Aviation, the U.S. 
Department of Defense, and NASA. He used ground-based fight simulation 
as a tool in solving flight dynamics problems associated with hazardous 
flight. On the AGARD Flight Mechanics Panel, he developed V/STOL flying 
qualities criteria. 

Anderson, Seth B. 1918-, b. LosAltos Hills, CA. B.S. (1941), M.S. (1942), 
Purdue U. Anderson's long career at NACA and NASA dealt with handling 
quality requirements for conventional and VTOL airplanes. He is the 
principal author of AGARD Report 577 on V/STOL handling criteria. 

Ashkenas, Irring L. 1916-, b. New York, NY. B.S. (1937), M.S.M.E. (1938), 
Ae.E. (1939), Calif. Inst, of Tech. His stability and control career started in 
industry, first at North American Aviation, then with the Northrop P-61 
spoiler ailerons and design requirements for the XB-35 power controls and 
artificial-feel systems. He is best known for applying main-the-loop theory for 
flying qualities prediction and as a co-author of Aircraft Dynamics and 
Automatic Control. 
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Bairstow, Leonard 1880-1963, b. Halifax, Yorkshire, U.K. Royal College of 
Science, London. Bairstow's major stability and control contributions were 

the extension of the Bryan equations of motion to the nonsymmetric steady- 
flight case and development of efficient methods for root extraction, both 
done in 1914. The 1939 (second) edition of his Applied Aerodynamics was a 
useful stability and control reference for years. 

Barnes, Arthur G. 1929-, b.Wigan, U.K. B.S. (1950), Manchester U. RAF 
and Raux AF pilot. His career in the United Kingdom industry from 1954 to 
1990 included research and development for flight controls, flying qualities, 
and flight simulation. Barnes proposed the original numerical rating scale for 
pilot opinion on flying qualities. He is a consultant to the Kungl Tekniske 
Hogskola (KTH) and SAAB in Sweden. 

Bihrle, WiUiam, Jr. 1925-, b. New York, NY. B.Ae S. (1945), Rensselaer 
Poly. Inst. Bihrle contributed to the stability and control designs of the 
Republic F-105 and XF-103 airplanes. He invented the widely used control 

anticipation parameter for pullups and plays a leading part in developing 
advanced spin tunnel rotary balance techniques and methods for improving 
high angle of attack stability and control. 

Bowman, James S., Jr. 1924-, b. Burlington, NC. B.S. (1951), N.C. State 
Coll. As a leading NASA expert on spinning. Bowman consulted with 
military and conomercial designers on spin problems for many years. He is the 
author or co-author of more than 40 reports on spinning, including NASA 
TP 2939 on pressure distribution at spinning attitudes. 

Bratt, Robert W. 1918-, b. Palisade, MN. B.S. (1941), M.S. (1942), U. of 
Michigan. Bratt was a stability and control engineer at the El Segundo 
Division of Douglas. He pioneered in the application of digital computers to 
maneuvering flight. He solved drop vehicle instability problems involving 
aeroelastidty and inertial coupling. He later became Chief of Preliminary 
Design at Northrop. 

Breahaus,Waldemar O. 1918-, b. LoweU, OH. B.S.Ae. (1940), Carnegie 
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Inst, of Tech., M.S. (1961), State U. of New York at Buffalo. Breuhausw as in 
charge of stability and control at Vought-Sikorsky during World War n. At 

Cornell Aero. Lab., later Calspan, he was responsible for the development of 
the B-26 and T-33 variable-stability airplanes, and he used these machines in 
flying qualities requirement research. 

Bryan, George Hartley 1864-1928, b. Cambridge, U.K. Cambridge U. 
Bryan's monumental contribution to the field was the equations of aircraft 
motion, developed in 1911 in essentially modem form from a preliminary 
study (with W. S. Williams) in 1904. He later made contributions to 
compressible flow theory. 

Cantrell, Coy R. 1924-, b. Muskogee, OK. B.S. (1953), M.S. (1954), Calif. 
Inst, of Tech, Cantrell's long career at Lockheed's Advanced Development 
Company (Skunk Works) started in 1954. He shared stability and control 
responsibility for the SR-71, the Have Blue prototype, and the F-1 17A, whose 
air data measurement system he designed. He was also involved in the YF- 
22A Advanced Tactical Fighter prototype. 

Cook, Michael V. 1942-, b. Colchester, U.K. B.Sc. (1965), U. of 
Southampton, M.Sc. (1967) Coll. of Aeronautics, Cranfield. At Elliott Flight 
Automation, Ltd., Cook was involved with flight control system research and 
design on theHovermarineHM2hovercraft, the Westland Lynx helicopter, the 
Panavia Tornado, and the Jaguar fiy-by-wire. He teaches at Cranfield College 
and is the author of Flight Dynamics Principles (1997). 

Cook, William H. 1915-, b. Plainview, TX. B.S.M.E. (1934), Rensselaer 
Poly. Inst., M.S. (1938), Mass. Inst, of Tech. Cook was a designer of the 
Boeing High-Speed Wind Tunnel and was involved with the stabihty and 
control development of many Boeing designs, including the B-29, XB-47, and 
707. He was co-inventor of the B-47 electronic yaw damper, one of the first of 
its kind. 

Cooper, George E. 1916-, b. Burley, ID. B.S. (1940), U. of Calif. Cooper 
combined NACA/NASA engineering and research test pilot careers to 
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become an important stability and control contributor. He is the Cooper of 
the Cooper-Harper handling qualities rating system and the author of a 
NASA Technical Note that is a text for test pilot training schools. 

Czinczenheim, Joseph 1919-1994, b. Hungary. La Sorbonne, Centre 
Superieur de M'ecanique, Paris. He worked on stability and control problems 
of the STOL Breguet 941, the transonic Breguet Taon, and the BAC-Breguet- 
Dassault Jaguar. Later, he was involved with certification of the Dassault 
Civil Transport /C and with stability and control of several Israeli prototypes. 
He was a member of the AGARD Flight Mechanics Panel. 

Doetsch, Karl-H. 1910-, b. Kaldenhusen, Germany. Dipl.-Ing. (1934), TH 

Aachen, Dr. -Ing. (1943), TU Berlin. Professor Doetsch is an aeronautical 
scientist as well as a 3,000-hour test pilot. His contributions are fly-by-wire 
control (Avro 707C, Do 27, Pembroke), flight simulation, flight recording, 
and advanced aircraft flight controls. He chaired the AGARD Flight 
Mechanics Panel and has made special efforts to broaden international 
cooperation in education and research. 

Duncan, William JoUy 1894-1960, b. Hillhead, Glasgow. D.Sc. (1930), U. of 
London. Duncan was co-author of the important textbook Elementary 
Matrices and author of the 1952 book Control and Stability of Aircraft. His 
other contributions were in the theories of aileron reversal, tail buffeting, 
aerodynamic derivatives, and flap hinge moments. 

Dunn, Oirffle R. 1916-1997, b. Wayne, PA. B.S. (1939), Mass. Inst, of Tech. 

Dunn was chief of stability and control at the Douglas Aircraft Santa Monica 
Division during the designs of the DC-4, C-74, DC-6, DC-7, and DC-8 
transports. He produced a useful synthesis of methods for control force 
reduction by various tab systems. As Director of Aerodynamic she saw the 
DC- 10 through certification. 

EfremoT, Alexander V. 1944-, b. Gorky Qy, U.S.S.R. Ph.D. (1973), D.Sc. 
(1996), Moscow Aviation Inst. As an expert in flight dynamics and control 
and in pilot-in-the-loop problems. Dr. Efremov participated in the flight 
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control system designs for the aerospace vehicle Buran, the airship ALA-40, 
and the TU-204 and IL-96 airplanes. He is a member of the SAE control and 
guidance systems committee. 

Etkin, Bernard 1918-, b. Toronto, Canada. B.A.Sc. (1941), M.A.Sc. (1947), 
U. of Toronto, D. Eng. (Hon) (1971), Carleton U. Dr. Etkin had a long 
career at the University of Toronto, becoming University Professor in 1982. 
He wrote three standard stability and control texts, which have German, 
Russian, and Chinese editions. Etldn made many contributions to the theory 
of flight dynamics, including flight in turbulence and dynamic longitudinal 
stability at high altitude. 

Gates, Sidney B. 1893-1973, b. Watton, England. Gates was a brilliant 
theorist who did remarkable work on analyzing spins and predicting spin 
recovery with minimal facilities. Gates is responsible for the important flying 
qualities parameters of static and maneuver margins and stick force per g. 
With A. V. Stephens, he established the effect of air density on spins. The 
scope of his stability and control work is truly wide. Gates was the British 
counterpart of R. R. Gilnith in flying qualitiesres earch. 

Gee, Brian 1933-, b. Manchester, U.K. B.Sc. (1954), Manchester U. Gee was 
head of the Flight Control Systems Design Group at British Aerospace, 
Warton, involved with the Jaguar and Fly-by- Wire Jaguar, the Toronado, 
EAP, Eurofighter, and the RAE VAAC Harrier. Hismain contributionsw ere 

in the areasof component requirements, digital flight control specifications, 
and system clearance for flight control/structural mode interactions. 

Gera, Joseph 1937-, b. Szcntes, Hungary. B.Ae. (1961), Auburn U., M. 
Appl. Mech. (1965), U. of Virginia. At NASA Langley and Dryden Flight 
Research Facility Gera contributed to understanding the effects of wind 
gradient son pitch stability. He led effort satDryden to integrate simulators 
into flight research and to measure stability margins «on-line» for such 
aircraft as the X-29A. 

Gibson, Jolin C. 1929-, b. Swatow, China. M.Sc. (1958), Cranfield, Fh.D. 
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(1999), Delft U. of Technology. At English Electric/British Aerospace, 1952- 
1992, he worked on the flight control systems of the Lightning, TSR-2, and 
Jaguar and developed new fly-by-wire handling design methods and criteria 
for the Tornado, BAe FBW Jaguar, the Experimental Aircraft Programme 
(EAP), the Eurofighter, and the VAAC (vectored-thrust) Harrier. He is 
responsible for the phase-gain, dropback, and other criteria used to prevent 
pilot-induced oscillations by design. 

Gflnitli, Robert R. 1913-2000, b. Nashwauk, MN. M.S., U. of Minnesota. 

He joined NACA in 1937. His major stability and control contributions were 
design methods for static longitudinal stability and roll performance and an 
early complete set of flying qualities requirements. He later was Director of 
the NASA Manned Spacecraft Center. He retired in 1973 and was a 
consultant to NASA firom 1974 to 1983. 

Glauert, Hermanii 1892-1934, b. Shefiield, U.K. B.S. (1915), Trinity Coll., 
Cambridge. Glauert's notable work was in unsteady lift, airfoil theory, 
control surface effectiveness, and propeller theory. He originated the lag in 
downwash theory that explained damping discrepancies in the longitudinal 
short-period mode. He made the flrst nondimensionalization of the equations 
of airplane motion. 

Goett, Harry J. 1910-, b. New York, NY. B.S. (1931), Holy Cross, B.S. 
(1933), New York U. Goett's important contribution to stability and control 
came at NACA, on methods of predicting flying qualities from wind-tunnel 
tests. In charge of large NASA Ames wind tunnels, he directed high-lift and 
stability research on swept wings. He later became the Director of NASA's 
Goddard Research Center. 

Goto, Norohiro 1943-, b. Sasebo, Nagasaki, Japan. B. Eng. (1966), D. Eng. 
(1972), U. of Tokyo. Dr. Goto developed methods to identify pilot-control 
behavior in practical multi-input and multi-output aircraft control systems. 
At Kyushu University he is developing an autonomous flight control system 
for an unmanned observation blimp. He had been an NRC research associate 
at NASA Ames Research Center and a Fulbright Scholar at M J.T. 
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Graham, F. Danstan 1922-1992, b. Prinoeton, NJ. B.S.E. (1943), M.S.E. 
(1947), Prinoeton U. As an aerodynamicist at Boeing in 1947 and 1948, 

Graham made an early analysis of inertial coupling on a pilotless aircraft. At 
Lear, Inc., he was in charge of automatic controls development for the KC- 
135 and other jet aircraft. However, he is best known as the co-author with 
McRner and Ashkenas of Aircraft Dynamics and Automatic Control and the 
co-author with McRuer of Analysis of Nonlinear Control Systems. 

Hamel, Peter G. 1936-, b. Hamburg, Germany. Dipl.-Ing. (1963), Dr. -Ing. 
(1968), Tech U. Braunschweig (TUBS), S.M. (1965), Mass. Inst, of 
Technology. Dr. Hamel had a long career as the director of the Institute of 
Flight Research of the German Aerospace Research Center (DLR) and as a 
professor at TUBS. He is recognized internationally for the development and 
use of in-flight simulators. He is a leader in European vehicle system 
identification and in handling qualities research. 

Harper, Robert P., Jr. 1926-, b. Gallipolis, OH. S.B. Ae. (1952), S.M.Ae. 

(1953), Mass. Inst, of Tech. Harper was a Calspan engineer and test pilot who 
is noted for his part in developing the Cooper-Harper flying qualities rating. 
He was project engineer on the F-94 and NT-33A variable-stability airplanes 
during simulation of reentry vehicles and the X-15, as well as during basic 
flying qualities research. 

Harris, Thomas Aubrey 1903-1987, b. Whites, VA. B.S. (1929), William and 
Mary. Harris designed the NASA Langley Atmospheric and 7 by 10-foot 

wind tunnels during a long career at Langley. He wasan expert on flapsand 
tabs, and he contributed to numerous wind-tunnel studies of control surfaces. 

Haus, Frederic Charles 1896-1993, b. St. Gilles, Belgium. Brussels U. 
(1922). In a long, productive career. Professor Haus headed the famous 
aeronautical laboratory of Rhode-St.-Grenese, published a 1930 book (in 
French) on airplane stability and control, served as professor at both Ghent 
and Liege Universities, and was a member of AGARD panels on flight 
mechanics, guidance, and control. 
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Heald, Enin R. 1917-, b. Sultan, WA. B.S.A.E. (1940), U. of Michigan. 
Heald headed stability and control at the El Segundo division of Douglas 
Aircraft during the years when that division produced new airplanes on the 
average of one every two years. He took part in the stability and control work 
on the U.S. Navy's XSB2D-1, XBT2D-1, AD-1, XA2D-1, D-558-1, D-558-2, 
F3D-1, F4D-1, XF5D-1, A3D-1, and A4D-1. Later, Heald was Chief 
Engineer for the U.S. Air Fotce'sC-l? transport. 

Heppe, R. Rkhard 1923-, b. Kansas City, MO. B.A. (1944), M.S. (1945), 
Stanford U., A.E. (1946), Calif. Inst, of Tech. At Lockheed Aircraft, Heppe 

made significant contributions to understanding the inertial coupling 
problems of the F-104 and other USAF fighters, and helped find corrections 
for those problems. He contributed in the unlimited angle-of-attack 
maneuvering areas of the YF-22A prototypes. He became president of the 
Lockheed-California Company. 

Hodgklnsoii, John 1943-, b. Ilseworth, U.K. B.Sc. (1965), U. of 
Southampton, M.S. (1971), St. Louis U. After training at British Aerospace, 
Warton, he joined McDonnell and then led controls R&D at Northrop. He 
later was at Eidetic sand McDonnell Douglas (Boeing). Hodgkinson's 
stability and control contributions are in equivalent systems, agility, and 
safety. He is the author of Aircraft Handling Qualities. 

Hunsaker, Jerome C. 1886-1969, b. Creston, lA. B.S. (1908), Annapolis, 
M.S. (1912), Mass. Inst, of Tech., D.Sc. (1914), WiUiams Coll. Dr. Hunsaker 

was the author of NACA Technical Report No. 1 on inherent dynamic 
stability, 1915. He taught airplane stability and control at MIT, starting in 
1914, and headed the Department of Aeronautical Engineering at MIT for 
many years. 

Jex, Henry R. 1929-, b. Baltimore, MD. S.B. (1951), Mass. Inst, of Tech., 
M.S. (1958), Calif. Inst, of Tech. Jex developed analytical models of operator- 
vehicle control and applied them to handling qualities, landing displays, and 
workload studies. He is the principal developer of the critical-instability 
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trackmg task, used for detecting impaired pilots and drivers. Jex designed the 
control system for the first autostabilized-while-flapping omithopter, the Q- 
N pterodactyl replica. 

Johnston, Donald £. 1924-1995, b. Huron, SD. B.S. Eng. (1952)., U. of 

California, Los Angeles. Johnston's contributions have been in the fields of 
man/machine control analysis, synthesis, simulation, and full-scale flight test. 
He was a vice president of Systems Technology, Inc., where he was assigned 
to the most critical investigations. He conducted studies into control 
problems of the F-4, F-111, F-14, F-16, and F-18 airplanesand designed 
control laws for the McDonnell DouglasC-17 cargo airplane. 

Jones, Bennett Melvffl 1887-1975, b. Birkenhead, England. B.S. (1909), 

Emmanuel Coll., Cambridge. He joined the National Physical Laboratory in 
1910. He contributed the «Dynamics of the Airplane» division in W. F. 
Durand's Aerodynamic Theory, published in 1934. This is a key reference, the 
first complete derivation of aircraft equations of motion, in modem form. His 
research at Cambridge was on stalling. Jones was a pilot and a decorated 
gunner in World War I. 

Jones, Robert T. 1910-1999, b. Macon, MO. U. of Missouri, 1928, CathoUc 
U. of America, 1933. After working as an airplane designer for the Nicholas 
Beas ley Company, Jones joined NACA in 1934. His long career there 
produced notable stability and control contributions in lateral control, in the 
theory of two-control flight, in all-movable controls, and in a very early 
(1936) application of operator theory to the solution of the equations of 
aircraft motion. 

Kalviste, Juri 1935-1996, b. Tartu, Estonia. B.S. (1957), M.S.E.E. (1960), U. 
of Washington. He worked on the flight control designs of the Boeing X-20 
and Northrop YF-17 airplanes and on the ATF proposal. Kalviste made 
innovative formulations of the large-amplitude equations of airplane motion 
to develop departure parameters and methods of combining rotary balance 
and oscillatory aerodynamic data. 



645 



Katayanagl, Ryoji 19A6-, b. Gumma Prefecture, Japan. B.S.M.E. Waseda 
U., M.S. (1972), Ph.D. (2000), U. of Tokyo. At Mitsubishi Heavy Industries, 

Katayanagi analyzed flying qualities and flight controls of the T-2 trainer. He 
designed flight control laws for the T-2CCV research airplane, the QF-104 
drone, and the F-2 fighter. His research interests are multiloop flight controls 
and PIOs. He leads the engineering team for the NAL scaled supersonic 
research airplane. 

Koppen, Otto C. 1901-1991, B.S. (1924), Mass. Inst, of Tech. Koppen's 
career went back to the design of the Ford «Flying Fliwer,}> a contemporary 
of the Ford Model A. He joined MIT in 1929 and taught airplane stability 
and control and airplane design courses there until his retirement in 1965. 
Koppen did early work on the effects of closing loopson stability. He 
designed one of the first two-control airplanes, the Skyfarer, as well as the 
famous STOL Helioplane. Koppen test-flew the Helioplane prototype in 1949 
and continued to fly at a ripe age, getting an FAA instrument rating at age 80. 

Larrabee, E. Eugene 1920-, b. Marlboro, MA. B.S.Me. (1942), Worcester 
Poly. Inst., M.S.Ae. (1948), Mass. Inst, of Tech. Larrabee did stability and 
control design work on the Curtiss C-46, XF15C-1, and XP-87 airplanes. He 
developed stability derivative extraction methods using time vector analysis. 
He taught airplane stability and control at MIT and Northrop University for 
many years. He is a recognized expert on propeller design. 

Lecomte, Pierre 1925-, b. France. Ecole Polytechnique, ENSAE. Lecomte 

was Professor of Flight Mechanicsat ENSAE and author of the book 
M'ecanique du Vol. He initiated a new handling qualities approach based on 
normal and peripheral flight envelopes and a theoretical explanation of wing 
drop. He was a test pilot in the French Flight Test Center, a Concorde 
evaluator at Aerospatiale, and chairman of the AGARD Flight Mechanics 
Panel. 

McDonnell, John D. 1937-, b. Hollywood, CA. B.S. (1960), M.S. (1965), U. 
of Calif, at Los Angeles. At Systems Technology, Inc., he contributed to the 
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analysis and evaluation of flying qualities. At McDonnell Douglas he 
contributed to the design and evaluation of avionics and control systems for 
the DC-10, MD-80, T-45, C-17, MD-11, and the space shuttle (HUD). He 
was the chief avionics engineer and chief avionics FAA DER at McDonnell 
Douglas, Long Beach. 

McRuer, Duane T. 1925-, b. Bakersfield, CA. B.S. (1945), M.S.E.E. (1948), 
Calif. Inst, of Tech. McRuer is perhaps best known to stability and control 
engineers as the senior author of 4<The Green Book,» whose real title is 
Aircraft Dynamics and Automatic Control. His enormous personal 
contributions to the field include mathematical models for human control 
and information processing in closed-loop systems and a well-tested theory of 
vehicle handling qualities. 

McWha, James 1939-, b. Millisle, N. Ireland. B.S., Queens U., Belfast. 
McWha was chief engineer of flight systems at Boeing Commercial Group 
throughout the development of the fly-by-wire 777 transport. Prior to a 30- 
year employment at Boeing, he worked at Shorts Brothers, N. Ireland. He is 
vice chairman of an SAE control and guidance subcommittee and a member 
of a NASA Flight Controls and Guidance Panel. 

Milliken, William F., Jr. 1911-, b. Old Town, ME. B.S. Ae. and Math. 
(1934), Mass. Inst, of Tech. At Cornell Aeronautical Laboratory, later 
Calspan, he was a leader in the application of servomechanism techniques to 
airplane stability and control, including the determination of airplane 
stability derivatives and transfer functions from flight-test frequency- 
response measurements. 

MueUer, Robert K. 1909-1994, b.Waterbury, CT. B.S. (1932), M.S. (1934), 
ScD. (1936), Mass. Inst, of Tech. Mueller produced one of the first electronic 
analog computers while doing his Sc.D. thesis. He also developed time vector 
analysis of airplane dynamics at that time. He invented the Microsyn 
transducer, used in servomechanism systems. 

MnMer, Jan A. (Bob) 1943-, b. The Hague, The Netherlands. MSc. Aero. 
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(1968), Ph.D. (1986), Ddft U., a student of Professor Otto Gerlach. Dr. 
Mulder is head of the division of Control and Simulation, Aerospace 
Engineering, Delft U. of Technology and an active captain on the Boeing B- 
757. His current research interests are in intelligent flight control and 
dynamic flight-test techniques. 

Neumark, Stefan 1897-1967, b. Lodz, Poland. Dipl. Ing. and ScD., Tech. 
U. of Warsaw. Dr. Neumark was a most versatile engineer. In stability and 
control, he was noted for the atmospheric density change efTect on the 
phugoid mode and for the theory of airplane stability under constraints. He 
also contributed to the theories of dynamic stability with rudder free and of 
gust effects on automatic control. 

Nguyen, Luat T. 1947-, b. Vietnam. B.S. (1968), M.S. (1970), E.A.A. (1970), 
Mass. Inst, of Tech. Nguyen is a NASA expert on aircraft flight dynamicsat 
high angiesof attack. He has contributed to control system design for 
enhanced maneuverability and departure resistance. 

Osder, Stephen 1925-, b. New York, NY. B.E.E. (1946), City Coll. of New 
York, M.S. (1951), Johns Hopkins U. He pioneered in the design of digital 
flight control, fly-by-wire systems, and redundancy management. He was 
Director of R and D at Sperry and Chief Scientist, Flight Controls and 
Avionics at McDonnell Douglas Helicopters. His flight control design 
experience included the QF-104 drone, MD-80, DC-10, NASA CV-990, AH- 
64 helicopter, various reenter y bodies, NASA STOLAND and Space Shuttle 
Autoland, and recently the Boeing Canard Rotor Wing aircraft. 

Perkins, Courtland D. 1912-, b. Philadelphia, PA. B.S. (1935), Swarthmore 
Coll., M.S. (1941), Mass. Inst, of Tech. Perkins helped launch the stability 
and control function at Wright Fidd in World War n. He wrote the stability 
and control portion of the important text Airplane Performance, Stability 
and Control. He taught the subject at Princeton University and later became 
Chief Scientist of the U. S. Air Force. 

Phillips, W. Hewitt 1919-, b. Port Sunlight, Merseyside. S.B. (1939), S.M. 
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(1940), Mass. Inst, of Tech. Phillips was a well-known model aircraft builder 
before joining NACA in 1940. His achievements in stability and control are 
many, but they are perhaps topped by his discovery of the roll or inertia- 
coupling phenomenon in 1947. Phillips also made important theoretical 
contributions to the design of spring tabs, the landing approach problem, 
gust alleviation, and pilot-airplane interactions that cause instability. 

Plnsker, Werner J. G. 1918-, b. Mannheim, Germany. BEUTH (1939), 
Berlin College. Pinsker was the preeminent expert in inertial coupling at the 
British Royal Aircraft Establishment. He also contributed to the theories of 
landing large airplanes and of nose slice departures. As a consultant, he helped 
solve lateral-directional problems of the multinational Tornado airplane. 

Poisson-Qumtoii, Phillipe 19 19-, b. Loches, France. La Sorbonne, ENSAE 
(1945). He was a professor/lecturer on aerodynamics, flying qualities, and 
control systems and a visiting professor at Princeton U. in 1975. At ONERA, 
he initiated transonic research on flying qualities and on optimized shapes for 

aircraft from V/STOL to hypersonic types. He delivered the 1967 AIAA 
Wright Brothers Lecture and was a member of the AGARD Flight 
Mechanics Panel. 

Reid, Lloyd D. 1942-, b. North Bay, Canada. B.A.Sc. (1964), M.A.Sc. 
(1965), Ph.D. (1969), U. of Toronto. He is Associate Director of the 
University of Toronto Institute for Aerospace Studies. He is co-author of two 
standard stability and control textbooks. Dr. Reid's research contributions 
include the study of aircraft response to the planetary boundary layer and the 
development and operation of a facility for flight simulation of the effects on 
stability and control of pilot-aircraft interactions. 

Relf, Ernest Frederick 1888-1970, b. Beckenham, Kent. A.R.C.Sc. Relf 
combined mastery of aerodynamic theory with extraordinary talents as an 
experimentalist. He devised methods for the testing of autorating wings, 
yawed propellers, and apparent mass. In 1922, he built a small, powerful 
electric motor for use in powered wind-tunnel models. 
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Rfbner, Herbert S. 1913-, b. Seattle, WA. B.S. (1935), Calif. Inst, of Tech., 
M.S. and Ph.D. (1937, 1939), Washington U. Dr. Ribner*s contributions to 
stability and control are in propeller and slipstream theory and in gust 
response. While at NACA, he solved the problem of the forces on yawed 
propellers, an important factor in static stability. 

Roddeii,Wimain P. 1927-, b. San Francisco, CA. B.S. (1947), M.S. (1948), U. 
of Calif., Ph.D. (1958), U. of Calif, at Los Angeles. Dr. Rodden made 
important stability and control contributions as a co-devdoper of the Doublet 
Lattice method for oscillating lifting surfaces and of the first correct equations 
of motion for quasi-steady aircraft utilizing restrained aeroelastic derivatives. 
He is a co-author of the MSC/NASTRAN Aeroelastic Analysis User's Guide. 

Root, L. Eugene 1911-1992, b. Lewiston, ID. B.S., U. of the Pacific, M.S., 
Cal. Inst. Of Tech. As chief of aerodynamics at the El Segundo plant of the 
Douglas Aircraft Company, Root led the team that developed in a systematic 
way excellent flying qualities for the U.S. Navy SBD Dauntless and AD 
Skyraider aircraft. Root went on to become one of the founders of the RAND 
Corporation and later president of the Lockheed Missile and Space 
Company. 

Roskam, Jan 1930-, b. The Hague, The Netheriands. M.S.A.E. (1964), Delft 
U. of Technology, Ph.D. (1965), U. of Washington. Dr. Roskam worked for 
Cessna (1957-1959) and Boeing (1959-1967) on a variety of airplane projects. 
He is a major stability and control influence through his teaching at the 
University of Kansas, his consulting work, and his papersand textbooks. 

Ross, A. Jean 193 1-, b. Sussex, U. K. B.Sc. (1953), Ph.D. (1956), U. of 
Southampton. At the RAH and DERA, Famborough, Ross specialized in 
modeling and analysis of aircraft responses to nonlinear dynamics and 
aerodynamic effects. She contributed to wing rock theory and to model 
testing of spin prevention and maneuver limitation systems. She participated 
in experimental wind-tunnel and free-flight work, cuhninating in the active 
control of fore body vortices. 
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Schalrer, George S. 19 13-, b. Pittsburgh, PA.B.S. (1934),Swarthmo]:e Coll., 
M.S. (1935), Mass. Inst. Of Tech. During Schaiier's long career at the Boeing 

Company, hewas responsible for the stability and control designs of many of 
their airplanes. He redesigned the Stratoliner vertical tail to include one of the 
first dorsal fins and was responsible for sweeping the B-47's wing. He became 
Boeing's Corporate Vice President for Research. 

Shaw, David E. 1932-, b. Bradford, U.K. B.Sc. Aeronautics (1954), Queen 
Mary Coll., London. He worked in all areas of aerodynamics at AV Roe 
Weapons Division and at BAe Warton, Shaw's career high lights were 
clearance of the Lightning for rapid rolling, Tornado wing design, and 
Aerodynamics Team Leader for the Experimental Aircraft Programme 
(EAP), from design to full-flight clearance. 

Smith, Terry D. 1947-, b. Norwich, U.K. B. Sc. Eng. (1968), Imperial Coll., 
London. As a flight-test engineer specializing in flight controls, he was deeply 
involved in stability and control testing and flight control system 
development on the Jaguar, Tornado, and Euro fighter Typhoon. He led the 
flight-test teams for both the fly-by-wire Jaguar and the Experimental 
Aircraft Programme (EAP) digital flight control systems. 

Soule, Hartley A. 1904-, b. New York, NY. B.S.Ae. (1927), New York U. Soule 
started at NACA in 1927. He pioneered in spin research and made the first 
comprehensive measurements of airplane flying qualities. He was a co-inventor of 
the NACA Stability Wind Tunnel. Soule wrote a set of flying qualities 
requirements that eventually led to civil standards and military specifications. 

Stengel, Robert F. 1938-, b. East Orange, NJ. S.B. (1960), Mass. Inst, of 
Tech., M.S.E. (1965), M.A. (1966), Ph.D. (1968), Princeton U. At the Draper 
Laboratory, Stengel followed airplane flying qualities principles in designing 
the manual attitude-control system for the Project Apollo Lunar Module. At 
Princeton, he converted the Navion variable-stability research airplane to 
digital control and conducted flying qualities and control system research. 

Szalai, Kenneth J. 1942-, b. Milwaukee, WI.B.S.E.E. (1964),U. of 
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Wisconsin, M.S.M.E. (1970), U. of Southern California. Mr. Szalai was 
principal investigator for the NASA Dryden F-8 Digital Fly-by- Wire 
program, the first of its type. He led the development of the U.S. -Russian Tu- 
144 supersonic flying laboratory. As director of the NASA Dryden Flight 
Research Center, he supervised research in thrust vectoring, high-angle-of- 
attack aerodynamics, and advanced flight controls. The X-29, X-31, X-36, 
and X-38 experimental programs were under his direction. 

Thomas, H. H. B. M. (Beaumont) 1917-2000, b. Uanelli, U. K. B.Sc. 
(1939), D.Sc. (1980), U. ofWales,OBE1979. In the Aerodynamics Department 
of the RAE, Famborough, his expertise was instability and control at the 
edges of the flight envelope. He contributed to control surface aerodynamics 
during World War n and to the dynamic stability of slender aircraft during 
the basic research that led to the Concorde. He also contributed to spin entry 
and recovery testing and analysis. 

Ton, Tliomas A. 1914-, b. Bridgewater, SD. B.S. (1941), U. of Calif. Toll 
made a wide range of stability and control contributions, including control 
surface aerodynamic balance, swept wings, and variable geometry. He is 
perhaps best known for two valuable summary reports, on lateral control 
research and on the supersonic transport. 

Tonon, Aldo 1957-, b. Caracas, Venezuela. Politecnico of Turin (1982). At 
Alenia of Turin (formerly Aeritalia), Tonon's major activity was in combat 
aircraft controls development. He was on the AMX program and then on the 
Eurofighter 2000 control law design, starting with the EAP technology 
demonstrator. 

Wanner, Jean-Claude L. 1930-, b. Brest, France. Ing. (1950), Ecole 
Polytechnique, Ing. (1955), ENSAE. Dr. Wanner's career in airplane stability 
and control includes serving as a military pilot, flight test engineer, and as 
professor in a number of institutions, including the ENSAE. He is author of 
the French text Mecanique du Vol. He pioneered in using computer methods 
in the teaching of stability and control. 
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WashlzD, Kyulcliiro 1921-1981, b. Ichinomiya, Aichi, Japan. B. Eng. (1942), 
Imperial U. of Tokyo, Dr. Eng. (1957), U. of Tokyo. Dr. Washizu's 
important contribution to airplane stability and control was to train a 
generation of Japanese engineers in the field, having spent time in the United 
States to study the educational system. He did research on human 
controllability limits and finite-element methods and is the principal author 
of the stability and control section in Japan's Handbook of Aerospace 
Engineering (1974). 

Weick, Fred E. 1899-1993, b. Chicago, IL. B.S. (1922), U. of IlUnois. Weick 
was at NACA's Langle y Aeronautical Laboratory from 1925 until 1936, 
contributing to lateral control research. He developed the W-1 pusher 
airplane, incorporating important stability and control innovations. The W-1 
was a two-control airplane that had limited up-elevator travel and a tricycle 
landing gear. He later became known as the designer of the Ercoupe, the first 
agricultural airplane, the Ag-1, and a series of Piper aircraft. 

Westbrook, Charles B. 1918-2001, b. Port Jervis, NY. M.S. (1946), Mass. 
Inst, of Tech. Westbrook joined the USAF Flight Dynamics Laboratory in 
1945 as head of stability and control. He oversaw the development of post- 
war flying qualities specifications and the USAF Stability and Control 
Handbook. Westbrook managed for the Air Force much flying qualities 
research, including work on variable-stability airplanes. 

White, Roland J. 1910-2001, b. Missoula, MT. B.S. (1933), U. of Calif., 
M.S.M.E. (1934), M.S.A.E. (1935), Calif. Inst, of Tech. His long stability and 
control career started at Curtiss-Wright, St. Louis, where he incorporated a 
springy or «vee» tab to the C-46 Commando, adding to its allowable aft eg 
travel. White designed a mechanical yaw damper for the Boeing B-52 and 
made one of the first servo analyses of electronic yaw dampers, for the B-47. 

Wykes, Jobn H. 1925-1988.B.S. (1949), Mass. Inst. Of Tech., M.S., U. of So. 
Calif. Wykes was a leading stability, control, and aeroelastics engineer at the 
Rockwell International Aircraft Division from 1949 to 1986, where he 
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contributed to the designs of the F-86, F-lOO, F-107, B-70, and B-1 airplanes. 
He joined Northrop in 1987 to work on their YF-23A airplane. In addition to 
innovative work on stability augmentation, he also was responsible for the 

design of the B-1 gust alleviation system. 

Zimmerman, Charles H. 1907-1995, b. Olathe, KS. B.S. (1929), U. of 
Kansas, M.S.Ae. (1954), U. of Virginia. Zimmerman started at NACA in 
1929. He produced the classical NACA dynamic longitudinal and lateral 
stability analyses in 1933 and 1937, complete with stability boundary design 
charts. This was a considerable accomplishment for those times and the main 
design source for dynamic stability for years afterwards. He was instrumental 
in developing the Langley 20-foot spin and free-flight tunnels. 
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. 1 _ 190 - TR Si J Ji>Jll iJ«;Sf I 4^ c ( ASG)B8785 

jLJJl Jii >5> ^L^l i ol^l ^/LJtl .1979 o^jj ^ JtH?^ 
-538 o.jLm9 i6^j i2 JLif i^^jiilj |,X>.i]| 4if i<i3ljill ^ 

.540 

tLi**-^ tOji— jj SjSl^l Olj-^ .1996 Jjjb Ojr..:.^ 

5 i6 . 1>Jl^ AIAA 

toU^^Jij. tl973 - 1893 jyiiJuijLj oLI^ J-J^ -1974 pi o . ^^L.yr 
.212 _ 181 a^Jl^ t20jJl^ ^^^\ J ol /I. 

V/STOL S^'Lki ol^^l jL— jt-S:^ «i ^ j^r*- .1982 oyh j j!>L!LJ 

.1292 _ 82 AIAA -UUl. 

t ^1 ol jLii-l JjVl ^jiill .1970 oyj^ dJL^Jby j j jl jil ^ jU 

.70 ^ J NACA 

i-AJLiA t jLkll fcijLiLji J ol,;*Wl >>■ .1979 jjjj iJLi Oljij ^ jj 
,32-26m^ i5 il8 JiLf c ^Uoill /OljJail 

j-^Ui iS^Uail >si- j_y*-Lw-Vl J-ui ^^..^Sa .1986 o j^j •iJ^S'^jj 

-232 4 AIAA i^j^l olj^Jail liii^LSLi AIAA oLJL>- 

.238 

tol yUftii ^J^l jl ^ii-'yi ^-iJj JJL<£ .1941 CUjIjj Ojjjjj vl.j>*:r 

.711 j^jjNACA 
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j\ jkiJ)t\ oljjr ^ jjjt jjfc .1944 J^yj ^jiA 

.774 ^ J NACA t JLs-j ^js^, ol jSUali 

iljLj.Ljjj^)flj 'o\j^\ -1964 jJLj^ 0>rjO^ t^Vl O^Li Ji*^i3L. 

.1864 SAE iiili. iij'Liijl V/STOL oljsUaU 

iSjSUftJI ol^j^^jl^l ^^JJ^*L" .1940 i3j!>^ oL^lLu. 

.103-85 t3 j^ij t7 JlI^ 

^ JiiJl ^U^l C^-i^"^' •^^'^^ ^-'^-^ T^--' 4.^^ 
.25 - NACA WR L .Ja^l ojl^ ^ -r^' 

.778 ^^JU<alJlj ti.>»Jl 

NACA t jl <3%u oij^l <^ J ^j^l J* vr-*! ^^J^ .1944 Oj^^y^ 

.25_WRL 

jiyH 5^1 Jl*im oUalaiS-j ob^Ml ^| ,1945 Oj*jyfc 

.819 NACA 

.820 NACA y^fi ^jl ^1 .1945 o^jiy* 

^b^LLJl cj\£ ^\ J vi^LLJl 6 j>A\ J ^ JiJLiJl Jia- .1946 Ojjjy^ 
NACA ACR L6C13. i^jy* ^l:^ ol jSlU] jl 

UUaj^ tOldjJLl iJLkJ SJUUil S^yi it^ .1937 ^j^j j JiiU jj cJU— 

.1788 il^l 

ipll^fljl J (i*:>«Jl LJI^_^ t^LxJl oIj^I olJliJi a jjj .1944 

.1974 

^^JL<i iJLf iS^LU jl jflT.^'^i ^iLuiLui ^ -1953 

.798 t797 'oJi^ iU ilO jJLf tol^l 

NACA j^^*.!]! ^^'i** "J^-J^ .1941 ijLlijjj ^^^^"^1 o jiL* 

.721 NACA oULj J^-Jl _ ^!J)UJ| 
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^ ol^^l iJftiV JLjJbl.| j^j^^lII SaUl ^ .1966 uI^aj 

.1996 as - 8 JjLl tLJlkil i jTjj^ aCAS J djj^\ ^jll oULy 

.1979 J Ulk,^ ^t^liil Oil jil oL^ .1941 0 jl^ 

4jj>.j; *sj ^ ol jSUaU j^U-l jl Jii»^l .1939 t^JUlS'j cjy^ 

.1097NPLS&C jiyL- 

V.41 _ 61 _ AE jiyL- t^/JjjJL^jl ^UiJl .1953 01 jJall 

1 19 jjij j^Uiiil ^jliil oL-l jj t^^l ^L^yi .2000 t-ijjj^r 

154^155. t4519_2000L-U jj^- 

M ^ W . jil 4-w-(jjJi .2001 |»L)j-ftj t^LJLJ ctLj-i _ tiJjj _ ^ 

.894- 888 i5^j i38 

JiJl 0 yLi? AlLiJiJj L5L>.Luj |i ^Jdl ^kJl oUi^ .1949 jjl o 
I.A.S. R.Ae.S Proc. . 533 _ 503 hJt^ t6 _ DC 

i ^JLiil Hi Ojljl ^JL^j^ ^JL^LiiJl ol;; ...U « ^JLi .1940 ^JL^ (.r^^ 

.2526 j ii^l LJlk,^ 

RA.E. LJliaj^ 1 1665 .1.^ ^jyij ^t^bJl ^^^1 Jp oI ^Jli .1941 ^JL«« 

ULkj. tJ./ifl>U ^!>UJI ^ ^ULI ^ iijiiiil oli%JI .1927 

.1095 ^IpLmoJIj 

o^UiljIEEE i(SjjJ\ ol^l ^UiiJ ^Ai^^i '^1>^1 -1963 o>^ ^>JU> 
.38-29 a t4_HFE JiLf toLJj^)fl ^ ^j^lJI 

oliJli 4^^^9.iil <3UJLi d\ji^\ oljLi?-! .1945 oL^li o 

.1085 NACA TN 1 5L-L51I Sy^Lkj I Jp j^y ^^JiJl 

t jLkil oU5L>*ij jfl.m jLJaii olJbJL^ .1936 u^aJLu. 

.550 NACA TN 

4Jm^^I Jp jJVI oli ;i] jUai .1991 jijj *JLi 01 j Oli«Jb ^Ul > 

i6^j fcl4 JLlf fcilL^LjJLilj <Lf tS^lkll 01^ 

.1099-1089 ;^ 
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tj^-^D ^tJL?- ^ (j^^ (>■ UajJI »L-^ .1944 (5jLa 

.139_NACAWRL 

.762 ^ J NACA jijm tiJlSjfl-Vl Ol j-jlsl >^ ^y^^lj^ A^ytA^ ^ 

jAjI jLu- a;Uai S jSlkU 01^1 Jji-iJ iUiJl y^jia: .1983 > jU 

.831484 ^jSAE ^JLl. i 18 _ A/F 

tOljJail iJiil i3 ^1 jLkpI i-iiv* ^Ijdl .2000 ^Li J c..^ j^ljtr- o*^ 
.419-412 1>Jl^ t3 <23 JJl^ t<iJL.LiJL]|j ^iUiil fc4j:>-jiil ii^ 

a04 JLLf tol ^1 il^ t JIJJI lia^l ilxil :W oL.'yi JaJa^i .2000 ijl jJi 

.555_517ii»^ a041 pij 

jJULi *i ^^^\ UJtll ^. .♦■/iT .2000 jlj u:^ ^AJL^ 
-709 4»^ (23 JLi^ fciliLiLjjJij i^^jiil^Jl^ 

.718 

fc^,-^j>ti]| ^tia-k*» olj-L^ j-jJl J-4iII .1942 o jxJLubj cj jijj jj 
NACA ^^^^ J./aflo ^j,d^^l9«ii i*jU *.U <JA^\ oli-l ^tJL»bLui*l 

.ARR 

i ^^^^\ ^ 0 yLi» jl ^iLi-»l .1941 ui*^ (.ri^jij 

.709 NACA 

Jji ^Jft**. 4J jVl ol jLii-l .1943 jli^LK JLi jjbfc j Ojjjj 

.496 - NACA WR L i iJ ^ ^ji^ 

tj^-^LiiJl Joi^lj jij^A^Ii «i Jss*-*^ • J* cr^i^ .1936 (jvS" ^ o^-Jl j 

.586 NACA TN 

tF-16 5 jSUaiJ IjJcj^ oLjjSuj j*.^:^^! ^Ja*-* dij^ Ajiil y^^- .1983 JJ 

.831483 SAE 

ti^jjJLjbj^^Vl oUjLkJLi .1978 ^lij o^jj ^^^L. 

4>i^ fc2^j fclOOJd^ fc(ASME) ^^j^j oULi ^m^SLiLjjJI iJ^Sl 

.116-110 

J^^Vlj^^yJl 4ijJ ayLiii jjjy Jji^.l944j]jL5Jj^jJL. 

NACA ACR L4E30. tS^sUaJ 4^>Jl ^^Sl*.:!! j 
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^ ^ oU^ jLkil JJ ^ aJail ^JlJI .1937 ^LLj t|>T *JL. 

.623 NACATN iijill 

a021 cl03 JLlf tOl^l <Lf ol^ .1999 ^ llL. 

.165- 159 

.2277 NACA CP tl^JLSLu aUll oLX^dl 1 J>Jai .1983 *JU oUU iJL. 

0L.1 1> S^*li» - jLi» ^\ Cj\jJj J* ii^l .1997 01 i5L< 
.73-55 a6l>JL^ iMjJff^l ^UijlsVl 4juki t^^^lj tOljilaJl 

t4-:>.jij| iLf t Jjt?^' J hj^^ - J* • • ^ -1999 ^jLi^ jlJL- jl 
.21 _ 12 4»uM> U ^22 jlI^ iilJLiLjjJl j ^^5^1 

LJLkj^ J^Lall dJbti^ ^UaJ ^ ^Ll^ hj^^ oli!>Uil .1928 

.1171 ipliviilj ^1^1 

^,-5L>iJl!( o(j-j-J* J otj>-l ^ .1953 ^ j O |»LJ j ..Li 
NACA RM L53F17a t V^jSfl ol^Lii-'Vl ^ oL^*-^! 

.797 j^Jj NACA 

NACAWR tiJjl jil ^JLiil jLii-l oULu ^^w*^ .1944 ji jJLpjj 

.(ACR)4A11 

^ jJLp iLf tSJLff-j jl liJjcjt 5jj ^jia*^ ^ Jd>i-51 1» ..tf T .1939 u«rjl *^ jjj 

.360-353 ^9 i6 JlI^ lOljJail 

2 - B iiaUJl S jSlkU oljJaJl J**-i; ^Ikl .1991 ,^^^^1 0>rj jJ^I jjiLi 

14 ^911112 SAE tSAE ^^JO^Vl 01 jJ» ^3- 0UL5. 

- j^SULJl J-Htf ^Lj ol^^JftJl .1998 Ojj^J ^crHL?^ ^ 
.4 - 0218 - 7680 - 0 SAE IBSN i^* j ^l: 

tlS^yil «.Uai Lii»i^ ^^^Jaj Ol ^li^ O'ji^ 0>^) 1587 ^LLj 

19-164>^ i7pij t25JLLf 
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.868 NACA 

.868 ^ J NACA y^JH tj^U-l .1947 ^^UjJ 

L-UI fjj-i^ (>* V&J^ : li-b ^1 .2000 ^^^r ^L. ^ 

.4224 _ 200 NACA c,/Ul ^ ^ )\ jl jJaU JSl ^1 

.831488 SAE iOU- c767 S^^liail ^ jjJla ^^Lii: .1983 oUyl j 
.oU>-ij^ JLf*- t<iy Jl^^jVl .1987 Juy dLj 

a^f t47 _ XB 5 yLyi ^\^\ ^^^LjJLil jl ^^^fl .1950 jJU jj c^J j 
.148- 133 t3 a7 JiLf ^o\j^\ 

ajC^\ <Lf t^Jj^ S^UJI SiUfliI .1997 

.484 - 479 i4j,ij t34JLLf 

jt;,»>/l7.<l ^ J jl j^iUJl jLstfiil 

t^bJUl ^1"^ .1945 ^Sfl ^jMjjL^j i^^j^ tl^l o^l 

.824 NACA y^y: 

1 74011 JLiJl^^l <--JULA oLLo tj^l ol^l ^^-^ oUL. .1974 0^1 

.1098 NACA 

i^^L ajjdl ^ S^'Uail J;Stm,1 ^l^Vl jl .1995 Jj t^^^ 

.455-453 1>Jl^ a t32 JiLf SylWl <U 

c*^ oLpj-JI ^ e ^IjjII ^ ^( ^ . 1 948 o ^ jjji 
.921 pij NACA y,^- i t>^' <^ L5^* 

iilaii^ i>«i>^bU 0 ^L^tAil .1951 o ^ jjji 

.1056 ^ J NACA fciJjvijl c*^ oLp^I cs^^l 

i^^l ^1 ^1 oJisLjJI a ^lidl 4J 4^ ^1 4i ^ .1952 0>r ^ jjj^ 
NACA c*^ oLp^I t^^' ^^.ij-'bU 

.1071 
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.405 j^Sj L-li y^jZ iAA\ jjJl ^|JLi.i-»l .1976 o>r 

^^LJ\ OLj^l oLL^ ^ J j|JL>- J olkia^ .1951 y JtJjjjJbd 

.2353 NACA y^jZ ^^^\ JS^ i^-ii^rbU 

.1910 A.R.C.R&R 
t ADATCOM jJr\ ^^^\ j j\ ^^Vl .1976 jJDji ily^ 

'^'it' t> J^l-^l -1941 jyjj ^jijj ^jU 

t^^^jJLJUlj ^yih <23012 NACA i^^l oojV ^U-l jl ^^Vl 

.705 jii J NACA i hi 

^1 ^jl .1981 J^j^j oJL^ 0>-^ 

.1259 _ 81 AIAA X^SIa ^^1 JlSLiI l;> ^Ij ^iJl^L 

oLp ^^^mJI ^ AiLdu,^ dlJii«l V><»^ e.)JL>«il <>E:j>-Sfl ^1 .1946 o^jjj 
.835 NACA yyH ^ o jvai( Jyj 

iiim iiii-i jLji^ ^j-^ .1997 Jj^>j <5j^j ^^jI J-* ■^j'-^^^ i jli^LS" 
fc5 t34 jJLif UyOajl iLf JLp ^Jiil Jiiil Ji^l JjJLil 

.664 _ 638 4>J^ 

ol^j*Jt oLy-Li J ^1 jiiJl aJjUji .1945 ^LjLjJ •J^'jiH?' ui^^ 

.816 pi J NACA je^- i26 _ A ji 5 jSlUJ ^^I^^l j jl 

.1036 j^S J NACA ji^- i JSL^il dL-Uii jy^ .1941 ^^-JU ^jilj- 

NACA ^^yL- aLkll it^^u-Lui jy.V cS^* -1923 ^L. 

.184 

^ 4»>:;»-bU t5 p^s*ij|j jl oljji? .1938 jj j^jjj (5 jj^ 0 
.635 ^ J NACA y,^- t^jU^I j Jji-( ^ ^ 

^^^aju^ ^Ju^voil A^L^iill ^^LaJI J^Loj oL5L^ .1989 y;^^^^ f^y, 
.167-159 4»i^ a8 Jd^ (AIAAilLf obuSfl 

Ldl oL.>l Uj^ p.../i7ll oUftkit .1939 .J j>-L5j 4^T ^^^liJ^^^^iL^ 
NACA y^ t 4Um..;U j o»i5^Sfl *-jiJLp- j^^^l aj^^ y I olj-jf j 

.648 
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^^^JL>^1 ti-JLU^I i^^JL-JLJ IAS ^Ui^l Ulif ^ 143 _ 62 

g>l ^>.3JI ^ aiiUl ^UaJl gUI jL^aiJl 

<JLf S^LkJl o!iU-m J*JftJ .1956 gjjjl 

.684 - 679 a i23 JiLf cOl ^JaJl 

.^1^^ :*3jjjjj ti,^yJi oliSl? .1973 Jjj ojT.n'oP 

^UaJl Jail ^1 ^LSlS-l ^UJI Jl^I 

ol^ ^ SjJu,Aj| oU ^^ I jh'M oLS" ^ JbJbJl o( .1954 

.762 - 749 ^L>-i^ 421 JiLf cjl^l tSy^M 

obi jiJl ol jjJlJI oI^^I Jji^ .1953 J jLj oL«jj^ ol y^jjj 

.2985 ^ J NACA jijH Jj j _ ^^^^ "LS ^ i^^*^! 

tOl jjJlII j\ jilJ^\ ^JLP S jjiail- jLjw Jp 2 ^Jb« .1959 (^^^ 

.290 - 287 IsJl^ ^6 (26 JlI^ t ^Uoi /oljJ» ^jJ^ 

i J>il J j\ ^"Jfi oljjJLiI ^'b .1948 ^LL, ,j--JLi 

.1627 jjlj NACA 

ol^^l ^-kiif I j^*^ ^^LjLjjujVl c^*^ ^ oLiili .1992 ^LLj ^^^^-JL* 

.127- 116 4*^ a^j t37 JlLf iJ^jliJl 

^JLkiJl ^ yJl i2.l ^1 ^ <3^LJ( oV^lj 2:^1 ol^l .1957 ^.SLjlj 

.2502 ol RAE t^/L-li-J jy^)fl jl jAs o^fU- j 

cj( jjldl I ^IkH dJLiLjJLi J ^^4*^1 jJiil .1957 Oyrj jijj 

t526_507 Aj>i^ ^7 t24 JiLf tol^^^l <ijf t<jjW.^U 

.532 

Jfl-J ^1 ol jjJlII ol jjLl^ jJ-iJi 0 j-ftLkj 5*iiJl .1977 oLiL* j Oj--Jl 
.382-375 4^ (UjiU ioly'lkU 

JiyWll : ilj^^ ioL.1^1 J ol ^LliiL. ^,-SL>^l j jl ^^^fl .1964 J-^^ 
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J* JV^VI ojljj 01 jjJlU <^j-Jl ^ jAj .1975 Ojjjjj J-^j».iJL- 

.683 - 683 ^8 (12 jJLf (oIjJaII a ^Lkll ol^ jl 

oljjjJl ol jjliii A jJliaJl ijL>«2*-»l *>L*ii .1960 ^l^j y 
.3349 J L3ll«i^ i JIUJI ^ yJl jdl olj-jfc 

^1 o^Ul 4.1 .tc 4^ljd .1956 aj^ ^jLIl^j t^jL}^ Jjj 

NACA RM H56A60. t^iki-ll 01 jjJLiI 

^IjsJl Jp j5j4-I jjjkdJ c*j I j oLJL>- .1956 jJjLiJ 

.1041 _ WCLC56 jOixil 

MJU-sAllI to ^LiaJl oljjLl>B ^ J-ftiil e j-ftLiij j-^I^^l .1978 O j-wJ y>-j ^^^^ i 
1 1 jJLf i^,Si>^\ J <^ jjJl 4JLf i l^SLjtlL^i J^V* vl-'ij-j^*^* 

.31 -26 o«Ivd9fcl ^ J 

tF680 Jj^ jri ili jiJ)i\ j V JjJ^* ^ ^1 -1977 ^j-il 

.143_jj,Jj ACAaJ£u] 

L-LJI ^.yjj- tS^^Liaj ijjl Jill iJ j^l ^1 oljjJt j^Jl^l Jjiijl .1972 ^liT 

.6926 

^ ;5 jJLJi jLkH J>il _p .1983 oLi_^ ^^j^J ^0 J— JJ jIijI O j^-j-isl 

.347 

i-iLu.LjJLJl 0 y»LiaJLi iu-l jJlJI .1990 j... L t^^^Vl jjJLiT LjjT 

4j>.iL^ i ^ ^ _ 2812 - 90 AIAA 4JU» c ^^-1 1 y*^, *3jj1\ 

.183-173 

fci.jiJUJli 4.i.aiA (Aili^l S yUaii jjJLl-l 4^ 44l» 4^1 .1977 

.446-17-TrF L-U U ^ji-l 

jJLi] ^liill _ 4JIP Liil 4jjIjj illuibjd jt*^ .1995 ^ ^L< ^yj^i^t 

.(^ ^ 80) 261 -247 l>Ju^ a^J^lAs^ a jSlWI iLft tOl jjlaJI 

ii^Ul ^ V '^J^\^^ UJL^I oUJL>^l .1957 ^Vl ^LLj 
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.1688 a774WCLC-57 JtJjijgj^^A*^ tS^sUaJ 

ilJLiLLii t^JLjl p .»./i7j i J5^l t^^l jt?^ -1981 ^Vl ^LLj 
4»ijL^ Ul fjij U8 JlLa (AjSiyi i^^Jap^l Jbu Li jl jjjJl jiJuS\ 

.925 - 920 

Jl ^ yoJU J jjJ-l J oiWW-m .1978 o jL^ jL J^j ^LLj 

.30 _ 76154 t^j^Jllji^l 

a jSlUI iiLf tijJjjJU-l 5Sji-l j-:J oLlaT .1983 o jlf jL ^LLj 

.101 - 79 4>ii^ ^2 ^20 JlI^ 

ol yLl» Jl U iJjiJLJ-l ^^,,a^JL. .1971 ^ jL 

.6575 jjj L-UI y,^- ^ULl ol ^1 

^ij-^ J JuUl ip^L-^Lil oL-LJ .1989 ^ jL 

.2939 L-L:JI y,^" tiJjjLi-l 2S ^1 vljjjJl ol^ 

J-^.1977 c:^Jj^LJjj oL-jL. ^L-iJj^ 

4-j>-i ^^^1 a ^LkJl JjjiJ-l jLj^*^l V Ji^^' 

.1009 ^ J Li»Ul ti^jJl oluj^ ol jfj^ • fj^i>wijt ^\is^ ] ^ •'J^j 

il9 oL-l tij^l p.lS'j-i .2000 ^Jy>- jjy,»\ ...T 

.223 i 105 -102 i94_9r4>^ ^4519 _ 2000 L-U 

/jL^*yi L-Lil .1986111 ^li^ JjLj i-ij^ 

.2597 - 86 AIAA ^11. av'I^I-I S^'Liail 

i30 jJLf iS^lkJiajftJjJi^l^Li-IS^^ii^ JL^^ d^y^.y} 

.356.352 c3 

jL^^ ^\ jjs Jiii iLSLuaLuj A ^iUjJ o^L*^ tlflr^ .1995 

.1409 - 1407 i6 j^Jj ^32 Jd^ iSjSiyi a< t>l Jj^l 

ipLviil J LJliaj^ tol jSUftJU Jj^l jLjr'l^i .1926 c-^y^j JJl-- 

.1001 

S yUftj 4-iL*L:ja j^)fl ol^)**JLj iJU-l ol^^ii- JJLf .1994 .J^l ol-^ 
.1115- 1109 i5pij i3lJLLft tOljJ»Jlili* lUUjl^j^lLJjj 
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Ojjli jLii-lj ^j-Iaj .2001 Oj^jl jLuijIjJ iO^jj t^J^Li t j^^jJ* 

yUajl a^ft iE/F18 _ F/A c-J jyb i jSLU] 5JU ^ jj>*a ajjIjj ^^^1 

.847 - 841 t5 t38 JlU 

^jjljj 14 _ F S^^LkJl dJL.LjJLi .1994 Juy j ^J^IjU- 

.34-26 tl |»i J t31 JiLf t 

JJb- ^ t^^^i Jvi)fi Ji^^ -^^1 SjJbCL. ajjU^ .1995 jLpU j JjL jLa\ jb^ 
.1341 _ 1335 i6 i32 JiLf U^'M iLf ^ JiS*!! JiJdl 

j^LJUj fj\ji^\ jAiil Ji^i^ .1980 ol yL- Jjij ^j-'jtfj f^ii ^♦-^j^ Oj^yr 

.1844-80 f»l J AIAA 43lli (ii^l?- S^UaJ ^jo^*^ ^li^ 4Jl» ^^>>a 

J^LkJMl jJ^Ludl d\j-i^\ .1976 ^j-* ^r*^ J ^ J-^ 

.118-112 t2 tl3 JiLf tS^lkJl iLf caJIp ^jj>jh J-^b 

tiJbJl p ,^:>fcfll ijjlj 0 jSLWl .1978 

.235 i>T 

tf^^l jIjIaVI jLii-l oULjj S j( jjJI ^ijljil ^|JL^i*-»l .1982 ci^j^r j_,i*-wjijlS' 
.1364 - 82 AIAA iJlli d..^. l/^' 

liijl ^1 jjSLJi J ^^LujJl j\ jJai^^\ oLk*- ^ .1989 ^jy^ jl^[S 

.3362 . 89 AIAA 

^Jlli jSLkJJ ^1 « ^1 J ^JaJI ^ jJ^ (ju^ .1999 jIpU J 01^ 4 
dlJL^ ^ji ^.-.StII oVUI AIAA oi.;TS. ^ ^4174 _ 99 AIAA 
.492-484 t^T 11 -9 i jj\ ^^'^jy. <t5j+' 

Aljt i^^^l oljJftil 4^ ^( .2000 JUU J oLi ^ji J 

.453 -448 i3 t37 JJl^ tS^^lkJl 

o^bU LJb j>A\ ol jjJLil oIjIjiaI .1992 ^^Jyr j Jsi^l^ 
.702 - 698 4»iiv> ^4 (29 JiLf iS jSliaii ilLju^ ^IjiliI 4^ 

^if tSil^l jLiS^^fl oUI c...i..r.7ll oLWajt ^iJLi-i-l .2000 JJLj j^^^ 
.235-225 4:>^ a035 jjlj a04 JiLf tolj-Wl 

.493-489 4>.iLM9 t2 pJj tl9 Jd^ i^l^jJlj ^^.i^l i^^j^' 
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o^-UUJ j^Kil oljJftil ^ oULkd Jij^l .1991 ^ jJ^JL. 

.497 

^ Sjj^l JLjJl^ Jub( .1980 0 'J^LJ ji j Jl^j J-jJtJLu» 

.Ilf^jJUl t3141 _80_TR_ AFWAL t5JU 

tjLp ^bL S^'LkJ j^5Lu.LjjJ| j^U-I iJjLJI .1958 o^jL Oj^j ^^^hj^ ^^j^ 

NACA RM L58E16. 

.1045 NACA y^ja t V^^l 4J jjU-l ^ >l jIj jL..^f JjiJl 

.1960^ JJLlu-j t jLJL5 t ^Ij tjLuT t^^jLjJ 
.57 - R fcUU-l Sy'iyi ol>.>./i7l 

olLijSirj *iL*i J liJj ^Li- f^.j>^\ JtH^I .1992 (^Vl LjjTj 0.>-JLj 

^jju i» 01 jjJLiI ijjij JLi ^ OljJaJl jl ^^Vl .1967 ^^SL-irf 

.127 - 67 RAE jjykJl tiJ j^l LSJLil i^jS 

J^li a-ii;?...* adU- 4»U«j Idd oci^-bO ^ ^1 ^1 .1966 ^ jl j^t ^ j^U^^ 

.3767 pij L-li ti-^Lil 4^L.V( 

.549 «>Li^lj LJLk,^ JjiJ^I 

.936 J 828 iplivailj LjUa.^ ^.1925 a922 yJu^>ij <JiLj 

^ oIJIjiaI oLSI .1988 ^'^j <ji^ jj 

.4371 - 88 AIAA ^Jll. i5JU]| LJjJ 

iiU-l c^^JUii oJii«i«Jtl 4» >./iU jLf Ml oljjT .1994 ^Ij^^^j Oj^rj Jj* jj 
.767 U (31 Jilif (2 ^Uall 4Lf i4Jjdl v^Vl 

.3188 ^ J NACA y^jju i j\ jjJl Ojl jUJ i^S^l^fi jjd)fl oUUi 

4J jjlJ-l ol5^l 4:>-j^l a' jM^* ^L?-^ .1955 j^Ll- ^ 

.3531 j^ijNACA 
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KEEP Vj\Ji\ jLii-l ^^ji .1977 j^,J^ ^J^J j-JLJ Ji-ija t JLiji 
1>Jl^ i3^j fc34JLLf io^liaJiajf i;JLp|i^j>ijh4jjl^ElS-EAGLEF 

.270-265 

ijjijj 3 jjLiJli <I;L2il 3 yUail .1982 o>-^^lj jjJLil 

All - LS ijli^l ^ ^'i^ '-^^■^ J jii cy* 

^jiJ tiJjjJU-l oL5^^^JLi ol^;*^! t^Lj^ .1931 j^jSLmj Jj jLa ^Jj-u- 

.377 NACA 

LjUij^ t3iJL«i>. ^iUJ ^ ^1 ol^^L ^Ji^' J^*^' oU-fi^ .1931 

.1404**>L^lj 

ol^^Jail <Lf tdJLxLjj ^ 4JLi2j^l ol>Lil .1966 ^j..;.fl.7.^ 

.78.71 t661 ^Jlj t70 JlU t^/ail 

^^jScJ olj-ia3l J-i^ .1987 I jJL- t>i-i--» J 0 (.r-^ ^HI J jL *Jli-. 

.2644 |ii J LitLJl jijSj i ^j^ii^ 

ijSLiiUjijjj^l olj-j^-JJ 5--^L^i ij»-JujJl .1984 t^jLJ-j hjUjLU -^^^i 

.85880 L-UI y.^- t^^JL^l ^ 

.456 L-U 

.22 pi J 386 CP i jU^T iili. .1985 jLjj jj cJly--iy 

_74 AIAA iJli. j:>Ua:*yi oljiU jLju. iil^ .1974 oU-jj 

.791 

.1744 a688-WCLC57 ^ S^'lla] iJjjlJ^I 

^^j^lJ ol ^ J^^' .1992 jjJLjjj >J^i^ij ^(j^JJ tij-* ^Vii 
_799 4>i^ t5^j t29 JiLf tS^UaJlUif ^iJjjiJ-l iiS'^^JU ^jUl s^jJbi 

.805 

^jjU-l jL^!:)U NACA Jii 4JjSfl oIjLlS-VI .1936 jJjLiU ol.js*ij 

.557 NACA y^jZ i >l 
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C.8785 - F _ MIL UiUil cj\ ol^ Si >r t4i^^SL^I iL^I jll .1980 o j^T 
jJL-l a797 _ STD _ MIL ailA\ oL^ Jil jlj^ .1987 o>jT 

.602-596;:>^ i3 
ilJUll • jjliil J* JL*L-il ^JlJI ^LxJi .1994 o^^jjj jL 

_ AFFDL i jJi jl^ JjiUiJl hja} .1966 ^^Vl ^LJ j 

.198_65_TR 

J-ojJl ^,.5L>tiil o ./jT .1996 ^LJuli" J t^Jji ^ 

.267 - 231 4»kjL^ t^^^^yJi j>j jjJL^Ij ^ iiJuS i ^^LiLJ 

1 19 pJj frUaiil ^tU^ '^^^ ''^ .2000 i-ijj^ jj..<LnT 

.41 1 4519 -2000 L-U y^j^ 

Sjj^l */* /tpL- IijI >JI .> ./iT .1997 ^jMjJu ^jL.j t^jV 0 >--^.^J 
.277-271 4i»-iL^ i3 pJj t34 Jd^ S jSlWl iLft iC^jt^i 

jaJl ol i> J jLftdl ^ ol^^JaJl Si ^ .1999 ji^jju^j JD jJLi 
.4095 - 99 AIAA ^jll. t ol^l Jl S jl::lJ.I S^I 

ii^ tS^Liaj J^UiJl Sjjj>- ^Jiiij ^UJI .1998 iJ^j ^^^jIp 

.159-151 il013 a02 jlU cot^( 

TU ^j-aJ tS^Lki J^L*:JI Si ^ iJl jijj ^^^^ -1995 0 O 

.756 _ LR c^iLa 

.Jjl Oy^ 10 jj^i t JjL-j S jJ> ollijJ .2000 dyr 0 

^ j^^5Lu.L:uJLj| j\ j2iJ)i\ oi2:.l< aa ^1 ol .1998 ja Ji>^^ 
c5 jijj t35 JiLf iol^l *Lf .J24il JlUl jLiS-l l^JL* J,,-^! 

.783 - 776 
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.1976jljLjij tL;L.V tOj— «^a>* 
t782j,Jj tSOJiLf tOljJftJiiLf tj^uVl •-•jL5;_ SJbljdl ^.i^lj 

.81 _ 75 



ilf toLjtVLi j^iC*«iJLj JjiLiLiJl 5jjj»- jLju» .1977 jliiLi! ^^Ij ^^jj ojji 

.150- 142 as>Jl^ i2 il4 JiLf tS^Siyi 

Sijj>- lL^\jA .1996 J~*^ "^-^J j*^JJ »j* 

.33 - 3 4»>iLH^ i^ j .,, „A \ jij 

4LJJ^\ J^HJj t^lSUI d\j^\ ^ oLik:>» Jj>-iil .1991 jJjiJL. 

.497 J jUs-T t4-SLibja jjj)fl oIjjJlI 

^ LjajHi jL,ai>KJLl o»-jJLil ^ J» ,^^1 oLjLSj . 1982 s jM jjj JLjLd J^.!tJLu» 
.488 - 482 4>uM» t5j»Jj t5 JiLf 1 jiJl ill^ JS'Ll- : ^LJLjJI 4»^^l 

JUoaj oijjLuJJ 01 Si tli^ .1987 0 J ^ ../ijj ^i^^ _^ 

.2904 _ 87 AIAA -Uli. tt>5-^l 

_ i-Jj! ^i-^Ls^ii 5J jSfl oULkdl jjj-iaJ .1990 ji Oj^j oIjJ ^^ij-^ 
.101684 L-U t f^bV fc^Jb ^ JaJSi 

j,-^j>tiJl .1998 ^ j^jj J jU jJj tdLK ■»» ^^jj (Jir^'*^ tO j .n Li t j^juj 

.77-69 o-iL^ a t35 JiLf tSjSiyi 

S j^LkJ JLjI^I jI jlxJ)l\ ^.^.^7 .1996 (S^ iSj^-<Sjh J 
fcl9JLLf fciliLiLjdj ifii^ ^ ^J^^ Lf^*^ ^Iji#.i^Lj Sj^^ 

.474 _ 469 (2 

4737 - 93 AIAA 5JU^ ti^-jUr j tiJUJl Vbj^' -1993 ^ ^.Li>lj 

.(1993 c^Jj 5»U S..|y) 



.1237 NACA tt>i.^l ^\ JLp oIp^ 
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.4406 jijSS I JlUl ji i 1989 jj ^liii-j 

:ULijI i^^JJl\ c*j|j ol^^jiail jLii-l .1993 t5j*^ QtriJ u:?^ f jj' 

.ol^^jTYC yilJl t>Li t707 JlJi>il .1991 ^LLjiJ^ 

.66 - WR A NACA j.^" t ^^^1 ^JU L.Ji 16 ^^Ij^Jl 

jj^UoSJVI oljjdf Al* ^ j^-uiUfliU j^Jl jiiJl .1943 o^^I Oj— 

.66 _ WR A NACA jj,^" col^^Liiij 

ol>J.I JJL^j ,_;,*a^JL. ,1957 ^jjh i3L. ^^^-^^j ^:.„,,t,7 ^^j^ 

.1339 

jLi» ^ 3 ^Li Jiip 12 _ YF d\ ^ij- .1978 OJ^^J ^^JU^ i jLL^r 
.1 JiLf t2054 L-bJl t^Li ^LLjVl J* ^liiU^ jT 

: iJ j^jJ jjJ-l (>^-JI : ol jLii-*^l .1981 d jLIijj 0 jJU 

jjyb 11981 - 1946 tOJbIji ^ OljJail vi-j*^ rijJLl Jp .1984 j j OjJU 

.4303 L-UI 

oU^I pX>^l J jl jJii-^Vl aSLSu. .1943 ^ oLJ^j JJL. i 

.767 NACA y^^- iJUil 

<3 ^ oLp ^ Ijl^ju^ s\JJ1a\ ixjjdl ifl*l:>-Sll ^ysl ^ .1946 O yjj jj 

.835 ^ J NACA jjyi: tiJ ^va^l ip^l cIl^ j 

.468 L-Dl t^bVl L-ik. .1985 ^;^\ 

a ^LiaJLi (j^^AllJ ol^^^l ^ J^?*^ p-j^^ .1992 J ol 

.4442 ULJI ji^- tiJUiJi 

b\j^\ 5a 1 1993 b^ji J t ol jJ t J^*>^ JLjajJ tj^L< jJ j^L" 
.3050 _93_TR_WLc^lj y^y^i iV>^'t3j*t3y 

fcS yUftJl Uif ^LkiL J jl ^^ii-Vl 4.; 57 .1970 JJ^A: >*^jsrt 

.301 - 290 (4 (7 JlLf 
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a- Jl O jjLkll : . NTSB (i»L-i 21) 1994 d jl jal ^^-JLi 

AWST. t5Jl*j| oIpLLjVI oljL,:*ifl 

^ J ^kll jjJLiI ilLuiLud <pj^l /^Jl!I ol^b .1990 JbjiJ ^ jJLjL^ 

.1186- 1163 

^ ybliii ^ to 4J^I oLitSai JJL*^ ol^*b .1942 

.1739 ^^^1 '^y t4 pij 1 19 JiLf 

?|JL^ ol CFD JLi j;^SUi Jjfc : "^^.^ j^l .1992 i jLIij j J.fl.,t 

./i^^i oL-l jJlJI m1 ...1 AIAA tj^SLuiLji j^)fl JjJL*^! j */^'\\ 

AIAA. :LJjjiJl^ ^j^fljJL 

:\jiA^\ <j**J J *.jiJliJLi ^LJUI ^1 y .1946 uwrL" i j^jij »-«dj>r jj-^ 
.1093 NACA V 5sJaJl oU^I i».^^bU J>J| jl ^'Vl olj^r 

iJLf t Jj-vflJl ytr^\ ^LL-jVl jl .1970 o^jj J^:.?>^ 

.473 _ 464 i5^j t7 JiLf tS^^Liail 

t5JL* 0 yliaij 4^4-1 jl jflT.^'^i ol jLipI .1947 ijD^ 

.1282 ^jNACA^.^" 

oi^it jrui. ^^liJi ju^i 

Jjkll ^4i>^\ JS'm SlS'U J UjU oL-l .1063 Jiiljji j^yj ^ jl^wjOl 

.jjUjI t^^jjjS" iAIAA 

^ J NATC t LJJLil «-» jUiil i^j— jLWl ol^b .1961 o^lj^ 

.3089_PTRAD 

J^LL. J oUku. JJ^ .1971 jLilil ^jdl J t Ji^!>U:jj *^jiiJJ ^ Jdj^^ 

.1 _ 197 ^ J Sn tijj»«Jl *^ • j-J^ cr^ij*^ 

jLiS-l y*jJ jJl J^l^ OljiWi ji^" .1958 ^jj^ ^jj^j m Jjy yjy^^:^ 
.158 _ 6 _ 10 L-LJI « /li ti^jt^Jl ^ jUJ oIp^ 

j^JLlA tOl ^LkJl 4*:^ ^li-l UU-I piC^ Jj.1 ^ .1990 Oj*J jj 

.(ajJbt yLJl)l_TR_90_NAV_RHE^j Jijb jjjj^ 
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j\ tLJjJl J^l j\ J^Lio. .1953 iljUjJ 

.2504 RAE ol jJail t JLjSlI 

AWST. tiJjJi^ iiLjWl jijkJl ja c^I («-»T30) 1993 JLiii ^ jjJ 

JjJ jj ilL. jijoJ t JLp ^IjL a ^li2j LJjJI ^ jlS: .1953 j JJJLJIi 

.3232 

oLm»LJ 4LijULa ,1957 in jjj^jLXjji Jbjij ti-i^iLi iijlJjjj ^'^'j 

A57L11 jJljNACA 
.4j^^>bJI JLfiui 4jiJa4 : jJ» .1992 0 

^i^Ljl aUaJli jLi; ^1 ^UaJl J 

S^Lki Jj«L>tiil oijj>- .1994 Oj:..,;<jjI o^^jjj idj^j^\ 

.3492 _ 94 AIAA iJli. t ^.liSfl UIp 

jJLiJl iJL5 ilijs:- J o^ij^Vl d\ji^ jLii-l .1998 j^^^jj-i 

.28-20 ^2 ^9 JJl< 

JbJL^ J^l ^ Jl J^l J^^i^l .1987 J^jAj^ «^*i;^l J Ji^> ^ ^ 

.8705j,JjOljJaU JLJLi;l> 

j^y; sd'J^ ^ ^LLstfii ^hS* ol j2^t: .1941 ^LLj 

.707 jJljNACA 

Jij^ iJL^ji i j^Lm^ L-jijl .1981 Oyjyt jt^J^ 

ilMA t jjJl: jS" ^L- ^ j^SLiLjjJI piUdI J jl ^^*^l JjU .1979 

.1240 Sa jJL»Jtl iJijSfl 4^ ^ 

OLi-J)/Lj ipyjJtl S ^LWL j^SC»-iJlj jl ^;5i-»Vl .1982 J..l:.< JLuLij ^r^^ 

.3627 |J» J Li»L]| jiJH jjJLj jS^ 
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oLJ)f^ ^ ' ^1^1 j^t^l .1983 ^ jji (.r^^ j 'Vk^ Jji.*?;.* 
.2699 _ 83 AIAA iill. t^^jjjUl 

NAE ai _ WT jiJ^- W iiLi^l S ylUJ ^\^\ jiJl ^.JLiM986 dL^.i jj 

.IjLjI i35_AN_NAEOljit»S/l. 

t*^lyLJl**J»S^UftJLI(^jl JJi^.1960 jjLlJj tpj^ i(Sjj^ 

.443 _ L-LJl 

ij^^l ^l^^^l (dji^l In^^^yiP ^1^1 Jl^I 

.29551 ja j jl ^^Vl ijijii J»J^ ol jjjb .1959 ^jil 

tS^-UJl Ui? Oljja ^Lill J j\ ^^Vl .1999 

590-584 :L>^ fc3 i36 JlU 

(5 yiJl jLyi J>»lj* • 1983 '^'^Jj ^ o ^jSjkJi JcJ i t o j*-* jJiJl 

.347 

jLlu-VI jLii-l t>>i ^"UJD syLkil JJap .1986 o 

.7-1 i jLkU 1986 ^Uil ^liS^ Uol^ jfi^ '^^Jj 

IV U^jLI A37 - T 5 ^UJI ^bl .1957 ^Vl ^sJULp jJ jLUj i jJU ja t j^jT 
.37 - 56 |Jj ATTTC y^jZ t^iiUiII j jl ^"^l j 

iOljJall (aj±«Li^ dlJLi^l ^4^^ ^i>>i>-Vl .1937 ^LLj 

.296 . 294 t7 j^jj UjlU 

jijSu tl9 ^U^l ^jl; ^ iw-lji t^^l L5* *'^-r^ .2000 ^^^LiJ 

.153 i56 i55 4>^ t4519_2000^j L-l: 

^ aUjV( <-JL^ <^^] J ^Lii ^^ySL^Lji J ^^^1 >ULiil .1993 u^^^ 

.92 _ 81 a>kL^ XjuU- : LJj^yi^ j^lLyt ^(^j^l -^^ J 

id\j^\ jt^^l •^^Ljj a ^LWl jLf I Jl ij yiiil .1999 jKj jli-jiwj*- J 

.8_17-l-17i>.iL^ tll-RTOMP 

*Lf i**^J[l olj*^ ^UiJ (J yiiil .1996 jl^HrfT IjJiiiljj J*»^ 
.(^^ 183 ^)28-9 fc3 (33 JiLf iSyiyi 
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tjj^ii;/oLS**k? olj^ tJy^ijl ^Lk; .1999 jlSCijli-jLj^-j ^ J-uiLa 

.12_2_1 _2 4»Jv» ai.RTOMP 

c^JLj iJli. tNACA t3 _ DC SjSUaii J^IjiiJI >>- oljLS-l .1950 0 >>- 

.2144 L-LJI jijSS tSjSlkJ J-L*::II Sa oUL .1972 Ojjjjj 

i5 ill JiLf fc^HTj^l <^ ioLS'Jll oljt^^ Ja^jil .1989 iA^i.jLA 

.622_ 609 o-i^ 

.86804 

j^^iLJl oW^I u^J^* -1942 -J^jjLftj ^j^'lS" 

.738 ^ J NACA y^^- c 

Auslegung von Eingangs sign alen fur die . 1977 1 — ^—^ — 1 — jjj j — 1— *j — ^ 
.J jVl Oj^L^ t40 /77 _ 154 IB _ DFVLR t Kennwertermittlung 

^LkJa^l J5L!L.j JiJdl JiS VJJ. ijjLL. .1952 jj-^'j ^jj^ ij^j^ 
.228-217 ^tfl^iv* t4^j il9JLLf id\j^\ tS^iyjli^l 

JJl^ J la.M,;ll V Jilil ^^^^ cyti^r^' Ji>-lil .1945 J^^^iL^ O^j JjLj ^jjj 
.823 ^ J NACA y^^- i V Jjij ^ ^aUJl Jp ^L^liil oUUl 

44220 J L-LJI ^jJaJ ^ J ' <j J'J^ Ol^^-iail.1997 Jji Jbj 

tt|aj-^l ^W,., W jL^I J jl ^^Vl .1941 

.275_270 4j>^ il i8 JiLf colj-laJl 

ji^- tSjSUail jyjjl i;^^ oIj-JIiJ t5 >JI JiUiII .1952 o^Jl 

.1080 jkJj NACA 

0 J;.l5 t^L5*j ^1 jiill ol jLii-l .1971 oSJl j^L. jJj JjLj OL-jJi >-» 
.6573 -fji L-UI fcT Jji ^ ii**-^ 2 jJJ ^Jbu ijliJ 

2 ^l]ftJ Ji^l jltf!^ j^)fl olj*UI .1985 t^lj ijl jil J Ojjjjj jjLL: 

.63 L-LJI 40 jSUaJl Ji*-U J^LiL. Jp ^ cT JjI 
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S.A.E. a^f t oljJftJl iJ - ol^ y S 1936 Juy j 

.189- 176 ^5 i38 JiLf fc(oLJL>- 

^liaj .1996 i-jilAjj i^jLlijdj uyji^ tcL^i;^ ^Olj^ ^(.r^ 

.490-485 <>U^ c3 c33 JiLf tSjSiyi 

e jjLt ol jL*ii-l jVl j-^b JUJL^ .1940 j^Vl ^j^j 

,695 NACA t4Ujfl*«m 

dU^i-^ t^^^-^^LU T31 _PA^ iJLJL* c^JLi^iUl SyUaJl JJj ,1994 o>;T 

A\-M>Ju^ ^9 (24 JlU iOljJail 

tBK _ AM _ FAR _ 99 _ ASA t(AIM) ol^^^l oL-jJL^ JJi ,1999 OjJT 

t4..^>r.t ot jjUg ^^t**^ Jj»l»lJi .1966 ^j-*^J ccLLi*^ ^j^J^ ^^J^ 

.3726 L>Liily.>" 

^J-JullJ t^j-lail Ol ^^^J*^! *i jLjij.1986 J-j>b1JL**» Cj j^^jj OjjLaI ^(Jt?^ - jL; 
.117-111 4>ijL^ ^2 i23JLLf fcS jSiyi 4U fcJL9-j jLy OljJail olJbm 

cjl (it^ 1052 ujSjIj ij^^Mjj^ jJljjd i JjL i^^^KS 

.1092 ^ J NACA jiyH i4L.d>^ 

tMIT ti-JLU 5_«^ljj. t^, . » ./itH J-» S>Ugl.l994 ^LLj 

,6 ^L>Ei^ 

ol^Uail ^../a-^r.t.ll ol^^Lkil iSj^ -^^t^l oL-jbr ,1976 

,8283 _ L-U( t jllp- j iliil-l 

L^U-I J 4J ^1 oi^^JU ^1 Jiiil ,1973 J j^;-^ 

.7149 - t^i L-liJi 

oljL^)fl J ^JlHI pX>^l iJijSf ol^l .1974 J JjL 4^ ^ 
.7703 - L-UI tij-^fli^l SjSiyi 
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^I^5:JL tl963_ 1929^141* J* yiJLu. J-L.- .1964 jjljil ^IjJUu 

.0^ jJbJkl fcSJb^l 4^Jl^il »Lv0 jt yiJ 

1 12 |,Jj tOl^^t^l tOlj-s^l vi'j-*^ .1998 4j-^.JLJ 

^»».,<g7 4JL1L4J ol .1957 jjoul J jj--*^ J t j^" t o _j-JLjh i ^j.. ..1.3 
.1304 pi J NACA y^^" t J^t y^^\ Ojl 

,jj£ 1 co( ^1 dU^T,,,. jSfl jLkil JJi .1994 ^jIp Oj^ 

t5 pij t9 JLLf i^Uo^l J ul jJaJl i^jiji J t tol j**^ .1995 ij\ ji\ fj^j 

.65-58 h>JL^ 

i.o\j^\ <Lf c h....U ^.-SUjLil oJbJii-l ol^^^liiil .1942 ^\ J 

.548 i520-515i>i^ ^14 ^9 JlLf 

iJLJL. AIAA t JSL. S^*a» ^LJU p ..,^tH .1992 o!>Li' 

AIAA. ; LJj_^iJlS' c jiJl jiL t^-ui,AMa>«iJl oL.»(jJLil 

.468 pij L-UI i^bVl cJOa^i .1985 ^^fl 

.943 - 76 AIAA iJU- t JsUl ^IJLI V^" oliJaJ .1976 ^^-JLJ 

A ^Uftj mJLp ^ ^Ijj |»liaj |»-j^aL(L> J^-i2j .1980 j 4>i-^ 

.1582 - 80 pij AIAA i3U>. .^Jo* ^1 y>i ^Ais^ ilJLi. 

^j>-l " ^Uff jjjJaij (^ijtdl t±*>tJl .1981 J jj j^j i>j\ji\ ^ _^LjJjj 

83121 ^ J L-Ul t^;Jii>. 

atiJbH jUsai oL/ ^ gUJi j-^i 

^_,kJl j^LSl J iUL-Lua jy.)fl .1980 o>l> '^jJ t j^i*! 

.1581 - 80 AIAA 4(111. iS^'iy iu^l 

.2198 - 84 AIAA iilLi. ^ LJl ^ LI jj jL5 
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ImJfi t V JJLf tklLj-Lij j^yi ^ ii ^Lkll ilL-Lua .1934 J^iL- 

.214 - 208 4>Kils^ '^ji fcJijljjd 

.163094 pi J L-bJl toU-A 5j*Jll S jSlkU JiJsJl jL^J .1980 j^j^ 

-^jjdji^ tj^yy '1979 jJjL dLijj^ •3L. 

L-LJI i Cji^, V.A>*-i 3 yUftj ^1 jiJl .1985 ^ ^ 

.2382 

IS >l O^^aU. j>J ys^ ^yUJl Jl^I 

.0364 _ 80 pJj AIAA ^Uli. tiJUir ^i^J^ sViU>. .1980 

fcO t<-^.*JL>LLj| J-^^LJI AIAA tcj^--^' ol^^-iaJl ^^^^i .1988 ^j-il 

106 i.\(^l>JL^ (AIAA 

^ oUJLiiil t^u^^ Jtl « jLLsaJI j ^LJ-I OljJftil ^15^ .1993 jjj ^JjI 

1 1996 - A003 - G Jtl j v-LJUl ^^iUJI JJ JJi . AIAA1996 0 /\ 

AIAA. Lm^?" ^ • <jj^^*^J 

CJLSXJ ^L.«L>CJ |t.^»El]| ^.ttJijl 

.jjU jI tc^lj _ o J+I "-J^^ i 82 _ 58 WADC ^JJb y^yH 

,t\SjJij^jp' tjjUJuji ;oJ^ t ^2j.W:il dJL»bjjj^^ll .1920 ijljjJ j^j^ 

ttS^ljJl ol^;J2]| (ji^ fl^Li? jl^^i^l JjA^ .1914 jjjj>-j i *^^J^j^ J^jii 

.154 ^pLi^ailj ci^l LJLiai^ 

.1258 L*»LJ| jjjS; iA^j^\ Jjij c,^ oLp^I ^^^^L^Jijl jljjjJl 

JLjo b5,„7 U^b 4S'j>^ <jy^ ^ SjSiy aS"^! oVilju. Jp .1998 yjii^jn 
,74.9 UOll^j a02 JiLf cOljJail^L^ iSl'^ 

oU*Jai] ^yiS - ^ J*L- aLjuVl ij^JujJl .1984 i jLIijj 

.85969 L-bJl tOl j/Ut 
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.489 t73 i] 4JLJUI ij^l ^*s^l 
^1^1 UUftj^ t jl y^VI o!>LiUi Vi^* ►U— Vl .1937 ,^-1^* j cJLJ^ 

.1801 

LjUaj^ I JLxj Li « ylkJ t^U-l jl .1932 jLj ^ ^^'^,1^ 

.1519 ipLvailj «i-:>»Jl 

oVjLjlj. j ^ . ,^ H OjIj^ ^L-J- ^UJJi oLj^jjIjJ-t .1983 o^jj 0^-^ 

.84324 J L-Ul jiyb tiiwJtl ^ J 

h^JUaJI iLkuJLi jl JJL^ .2000 j J tiJ^ 

.290 - 279 c 1036 c 104 Jilif cOljJall ^ 

.^Jb^l^ ijwU»- 4juki t^JjSfl oLijiL^I .1950 jVjS'j tOl^ji *^ju\^ 

^|JL>.i-.l ^jfi^ ^ t jW*^' ^ 4-^' i-l .1927 t^Jli--' *cH^ 

.1118 apLLvoJIj ^i«»Jl LJliaj^ it^J^I 

J LJllaj^ ^UftJ jl ^iL-^yi oValjui ^ 4jJL*j!5UI .1927 4^^^ 

.1093 

.2144 L-bJl jiyH kl jSiy iJLiUll Si oliL .1972 Jjj*- ^^Ijj t,^iL* 

.66200 ^ J RAE y^jS: 

y^j2: i^jS 65800 ^ oULLj!^ J jIjl^ j oULi _ ^^LiJl ^1 .1955 ICAO 

.1235 ^jNACA 

^y^\ i.^^ ^i/ny^^ '^^^^ ^lT-^I -1962 ICAO 

^LiLJ i-k^lji .1974 ^j^u^Jljj oL-« j-^r^j ^ j-j-^ ^ j-^ 

t3^,Jj ill JLlf iS^Lkjia^ iv-IjJlII oL*^*if *Ji^ j,X>uj| 

.154_'l48o^ 

4*J» tV JLLf idULji j^)fl N ^, ...Sli fcS yUftjl ^iULuA .1934 ^ ^ 
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ol ^UftU i J^hiA'^\ oLS" ^1 Jp S>>iu 0 oLL-^l .1925 oULii^Tj >r 

.999 ipliMflil J LJliai^ jl^il 
s ^Lkil 5^ ...i- O^Ul-III iijj^ la .M .U Jj. . WtH .1936 O^jj ^ 

.560 ^ J NACA ti^ks-ail 

t2 i36 JlLf iSjSLiail iLf t JLSji-iiJ ^^^^1 J:.^\ .1999 vi^l^j 

.467 _ 465 h^jL^ 

i^J^\ ^ J-iij JJ^ .1977 c. ; .*. K ^Jijj t^^i^A toUJ 

.7 - 78 _ RD _ FAA 

' 4331 j^jNACA 
0 jjLkJl fcli-jilJLji .1973 ^Lftl ji> oL:l--J|j j tj^^^' C^^-ri' ^'^'j^ ' J^lJ-> 

.380-353 .316 

5*jL»i-l flJLpj... >U .1973 jj jj>- oLfl-ji*-* J cT**^ L>^lu» 

.0!>U5L« :oJLii dULjijjjVl .1958 dj^y^ 

IS >j| jl ^^fl oViL^ J* ^!5LM .1950 ^ jj^^ 

.2002 NACA ji^" tijJlJLl j 

tOl^l Ui* i jl yLL-Vl J5m j^^JftJa^l JJ-l .1973 Ojjjjj t 

.331 - 324 i^uL^ i8 j*3j t4 Jd^ 

jIj-Sjl^VI ol S ? ,^ . oL^LJ .1993 j j^jjI ^.r^b ^^jL^ ^o-V^J^ 

.178 i>tiv!» i2 

.1993 j^r^jV "^j-^j ^ j-dJJ ^'^'^ -^4-^-^ ^t^^ j-" ^^^^^ 

.3050 _ 93 _ TR _ WL tiJj^' <iy oljJ2Jl 

jl ;e>J J ^iSfl ^1 :Ip^ J>il jl ^^fl J^LL. .1957 i3 jL-jJ 

.2983 J v1j>>J| Ulisj^ t JL2II cJ^ 

iS-^l ii^ ^ oljjJLil oI^'UJ j^jSfl j/LJtl .1965 J.^ 

.39 _ 65 _ TR _ AFFDL tS^Slialj J>.U:dl o5j:>. iJ j^U-l 
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,3 i37 JiLf ^UaJl Jjmi J^l .2000 

.490-484 



168) ^737-718 i^iOv* t4jj>j t38 JJLf tS^jUtiia^ tS^UaJli-^^ 

ciyu J* ol jjJLil ajjIj jlJ ^ ol^^Jail ^ i^^^^ J* ,1967 

,127 _ 67 ^J^\ RAE i^j^xiil LJjJl <^ 

DERIVC ^^^ji-l .1985 ^1980 ^^:JLJi ^j^. jjl^ 

.L.UI OJbIji vi-'^ ^5 jA i[2SIM 

tt^^lJ^jJl ejLpJ JJL^Lujj .1993 oU-1j^IJL;L;T LjL-j tJjLlI^ <oLijj 

.398- 389 cAIAA rL^'^ ^cM^^J 
jiJl : Sujk aj[>k1^\ J OLj^I ^L^*^ i^jLkil .1956 OjAjyi ^^i^ 
.1118 tl077_1075 4»^ tl2jj»j ^23 jLf id\j^\ ^^j^lj 

JLuLj^j td-A-^jj ^^jL» i iuJL^ 

iLJj^LS" 4 (5 J-::: J- U993 V^^l j^Uii-^ S ^LkJ ijJijI <jc>-\ J.\ ^NASP 

ZAA, _GWP L-LJI oljj-iJJ. 

.485 - 480 t3 jjj t32 JiLf tS^sUiJl iif ^^^aiSfl 

i*j-Jl oli o^'Lki t^U-l jl oljL^I .1947 jjUjJ JJLi^^ 

.1282 NACA tiJUJi 

*JdJ '^JJOi* tSlS'^ljSjSliai^^i^^l .1992 dJlJlyj t^^l^ 

.139- 132 * 



,4.7„JUl i-iSlJLijl ^,.«./a7 c,..?*? t^,JC».iJl J jl ^^Vl .1979 iJ- 

.1-79SEAHACTR 4I JlL* 

.96008 ^ J L-LJI y^jZ: ^^>^\ j i j\ ^1 oUL .1969 f^j\J> ^ 

.70_64-TR-FDL iS^Siyi -i^^:^ JJli£ .1965 jJJ^iLJ 
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jijS: iij^, S 5 SE 5 ^UaJl aS ^ JJLift .1924 

.(1918 ^p LJlk^ A.R.C. 

*-i3 ^ Ol^^l jl ^^Vl JJL4 .1935 >ijLSJ oL.^,^J 

.521 J NACA |»|JLUi^^ oli2la>J,lj 

cjii i5>>«^ Ol^r^^l ^^jjJl jl JJL/ .1937 jJ jLU oL.^^J 
.589 ^ J NACA y^yH ^ |»Ijl^!>U oli2kUL 

tAIAA iJULJi t4-5Uaiil oL^^ SLS'lam j ii>-JuJl .2000 JAi3 

AIAA. I L^;^^ < <>^J^^^J 

.112-74 VJ^JJ^ jdy2? tL-JU* i-ivfli* JSLa ^ S ^UaJ ^iS" >-l oViU. .1974 ^jil 

t jl^jj ijjl^^j LK <3 jll ^iUjJH ^j/a^tf^l ,1993 o j-^J'AjI 

.3795 - 93 pij AIAA ^Ll. 

ol^l i-ljJLi JJl>«ij| t3>j ol^l .1983 iJL. J ^IjlpL. O^^^l 
. 172201 Uliil 1 5: ^1 JiJi Sy'iy Jbjj oiji>-j 

•cb :^Jjdj::^ ^<^J>^ 15^^ -1962 J^TcJ^j ^-^Wj 
_Oj-*uil :^Jb^l5' tijj^l .1955 oU-(iJljfcj tJ-ilcJjj* t jlj j-kj I J o jAijjL-w-jj 

0 ^1 ^JL»Jil (J*i-^ .2000 ^j^j^ t^^^j ^tJj— j^L»" tj^LjLurf tOj-jjj ciu^jj 
.752 _ 745 4»Jl^ i5 t37 Jd^ (S^Lkll <U c52 _ B 

_ F/A 0 ^liiij 0>i 4^ iJai-!iUl i-^JLi^il (>^^,^T ^"li: .1989 t^jLS" Jjy 

,2 ..jJ^I c3031 L-IJ( as 

S^'liaj iJfti-!Ail .1987 J^^jT ^t>U> ji j ^ j'>liJ ^L.^" ^^5^15 Jj^"^ 

.2501 _ 87 AIAA ^Li. t^jLii o( ^1 J'^y' 

fcO ^1 +i •-iJ^Liji J *uf^l j-^Lixil c3 ^ :o_jiJL»U Ijl^ .1977 ui*^ 
.1690- 1684 a2pij a5 jO^ (AIAA^ 

.1330 ^ J NACA jiyC i^Ji 35000 ^ jl JliP i>-ja 35 ijjlj; 
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.2010 ipiL^i J iL>ji LJik,^ J ji 

.^llJli jjby. ji jLjiiJi ^uLi ^ s^lj-i .1932 ^y^^,J ^ 

.1056 APLuoilj <l^l LjUoj^ 

iJjjll olj-Jb 3*:;iJ ol^i2is. .1953 ^t^j ^^^JSJi\j3 ^^jjJba 

.1140 j»3j NACA y^jAi **rl ^1 

tiJj^l *ijJL»- Sjji .1990 jjL«^j to^L^ ^j^jjS tj^l Jjji 

^ iJUfl cjLyaiil j_yiJL| |.L^Vl J J^.Iil JJLi .1943 oLSljji 

.1904ipLviilj«±*iHJl LJliij^ tiiCu.LiJLj(j 4J_^SLJ( JS'Llil 

_ 1 JlLf 4 iijll 0 ^Lkil jl ^^ALu-l ol2?.!L< J-J^ .1974 j 

.114712 L-LJ( FLEXSTAB ^5 ^1 <Jl^ ^\ 

.542 - 538 1>Jl^ t3 ^.ij t37 JlI^ ^5^*1^1 <Lf ^55^ 
•JdJ -^Jjiji^ ^^j^^ .1972 i ifSzi] 

.1139 NACA jiyC A^'^ ^U-l J 

•JdJ : ^JjdjtH '^J >l Jl ^-J^ -1555 *ii;Li 
: fci^^LLI 8JLpL**j ^1 j Lilu»LjJLil ^-iCJliUi **]ajVl .1989 ^ 

i JVji'yi ijlji JSUI OljjJJI J ^\ cil ^1 J\j .1984 ^Sll JJ^ 

1541 ^ J NACA ji^- 

.3345 Afi\i^\j,l^\ LJlk^ S^'iyi dL.LL,d .1964 ^ 

t6 JlU lAIAA *Lf tijiyiJil ^L-^Vl iiJL.lJa oUia-^l .1968 ^ 

.558 - 556 4>.iM> (3 

^ 4ijl jll oLJlJb^)flj ►li)fl J ^Lka'yi .1994 oJU-i JiJji j c-j^ Ol« j-i 
.1307-1299 4».iL^ fc6^j il7 jJdt idUbujJlj c^ji^l t^Lf 

687 



^jJL* ILe- i*jtj^\ ydi 4j«JLjf^ jjASUAi- fj/LMj .1949 Jj-— • ^WkiJ 
.119 tll5-105i>^ t2^j il6 JlL? tOlj-Wl 

(12 (P-LHAiil ^d^LJ LJji LuitLJl fcol^^Jail .1998 (^.^^^ 

.150-14SiL>^ 

Uif lOjll *tSLiiJl 4j jI^I ^*UJ \7,„X\ .1955 ^LL j jj 

.579 t8 ^22 JiLf tjl^j^iail 

t5 i2 JiLf jSLiaJl iLf to ^l:i:>Jl3 hj^^^ j^^ -1965 ^LLj jj 

.373 - 368 i>.iv» 

MSG/ jj^ ^ij^^i jj. .1994 oj — ^^Jj ^ll.^ o-i^jj 

.jVjJuyi _ JJ iJL. : LJjjaJIS" t L-^ li^jS" tNASTRAN 

j^^L- <--Ji o\j^ <S oMjLjui .1985 jjLIijjj ^LLj ^^ajj 

i9 fc22 jJLf S^Lkil <JLf tS-KSU iJ^^5LJl ^Dj^i ^Ijl»iJL^Ij 

.809 - 802 h 



ilf t Ojll ol^r^^' ^ J <^1^ .2001 j^Ijj JUiLa j JLuLa crjL^ 
.546 _ 539 i3 t24 Jd^ tdULuJiJl j c-l^ j::JI 

J^^l J>J| j^iUiJl J jl ol^*b JJ^ .1957 ajLliij 

. 1298 ^ J NACA y^jSl .^1 ^ ^b;:>^ S^SllaJ 

*j a ^LkJ JLjIjiLI jI ^yii-yi»'^l ^, .%.,<aT .1996 iif^jl- ^ Lijj* ajjj 

iOljJall «d>>i^ ^JiSiil ^ 3 Jvuil ( jLkil 4>-JUJ ola.;i»7 .1988 j^t^I 

.157 ajlpl 

jl ^ii-l Jja 0 jJLj S ^UaJI ►lal oil--/ .1989 JbtAS" JL^a j ili*5Lil 

.181806 ^ J Li»bJl ^(^J* f^J^^ 

- (^^' j'^^lj |t«»'^" .1984 J*>.iji«» o jriJJJ <-* J^i^' 

.368 - 361 AjJLfi ^3 ^7 Jdif im^jiJI ^Lf t JuIjl^ ^b>- 
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t548 jjj 5 jLpT ^ t A31 - X SyLl2JLi j,^I»ijJi 0 jJlS p^-^aJ .1994 yiijL ^rf 

^^^1 |^iC>.iJI O^li ./i7 .1996 ujui^bj tj^i *tr*i^ 

.267-231 4>bjL^ I jjL\j iO>Aii fcj^LLJ 

iOl^l . jSfl jjiy\ j\ .1951 pLLj 

.624 - 569 t9 tl8 jJbf 

j7..,.;.^ tS^^UJl J LJiL^\ S^'LkJL ^^.^l^l .1994 ^Vl j^'jT Oj^-^l^ 
.342 _ 328 

XSj\ Oljj^l -1997 ^^"^1 ^LiJ^jj dJUiyj ui^j^^ 

^20 JLLf cdJLtLuJLilj fc'i^jiJl ^ fcll -MD B^L^I Jp ^jJL 

.Jjl 0 jjlS^ 16 i^LiM^ OL^ ^3 

p» .,<i7 ^ c S; Iff US' tluJii-l «^ .1983 "^J^J VsM j'^'J^^ 

tj,iUiJl J jlyUl J* 22 IEEE j£y ^Ijt ^yiiJLi Ol^l j^S:^ 

.Jjl Oj^iS 16 i^L^ i ji'j^l ^3 

^.^^ ^UftJ .1994 jjL i^jj^jj oyr tui^jjj 0>>- to^jj 

.4598 L-Lj| t L^U*; ^- jJl ^^^jjjJl : 29 _ X S jSlU I 

.98-85 4i>uL^ i3/2^j ill JiLf t ^,^^1 j ^^^Liil tolj^^^ji^l oLJb»- 

.2000 iJ^ 

^ ' *^l,;;r*^l BiJbCLB ^ifiiil-l ^jJLilJl ^ ^ » ./aT .1981 O yr J>iJi 

JiLf J^l ^ IEEE oLJL^ ti^JLi-l j hjJ^\ l-^I yil J^yl 

.16-4 49.1^ U (26 -AC 

42JLk1I iaii-l Jij^ jLImsI j *— 'LiaSl ^ y .1959 uiia-i*-» ^yki Jj^ -5 j*^!^ 
(42 (ApLu^I j oULJaiJl AIEE c^LkiUl l^Hl S^Uil 4jL>^VI ^ 

.127-121 I 



AIEE oLJL^ UJijSf t^^iaJfti-iil Jii>^l .1948 ^1 j 

.551 -547 (67 JlLf 



689 



.756 ^ J i-iiLd 

fli_^ ^ ; » ip( jA^ .1999 dy>- O j ■<.. j , '> - 

.Av'lfli- ^lLi/I yi .2000 o j^r 0 j'-'c^^ 
<A2^'^\ jS\ oli ii .1991 iJU J oli^ ^Ul > 

.1099-1089 

JjLuji J ^1 Ol .1984 JjyslJLu- O j^jjj f^jjjujfi' 0 J— 

.205 

tip-l^ LJ ^5L-» fl jS7m.< a ^Lkl Si .1982 J. ■> .ap j 

. 1 _ 1 30 /82 _ CT /FAA /DOT 

tj^T jLJ(» i^^-j-i j-Ai-^^ j-J .1940 ciJLjjJLj^ 

.693 NACA 

^1 d\jM^ t^iiiil ^^WtH L-LJI ^p> Z .1957 0:uiiL5 ^ jL>- 

.7843 -TND i^^SUl J^jJL 

UajJl ij jkl j^^SLu.LjJLj| Ji^lJLiJl .1977 jjjj iJLi 01 J JJUji 0 ji-^ ^ 
-178 4>iuL^ i2^j aOJJLf tS^Lkil illdt coIjjJlIL ^ 4^U-I 

.186 

jil jl jjLftMl <jj-iaJ ,1995 jJ j i jj^j i3L» ol i -J^-^j^ ^ -^^^ 

TR_ WL 0 - jijAl fcJbJb^l jJUi ^ Uj t5Jai-!>Ul j 

J ^ jd^ j' ^3208 - 96 

^^^\ ^*^^\ a^f tJL*uai oIjjjlJi jl^^ii ^jUlji .1999 

.720 - 718 5*^ t5^,ij ^22 JiLf i^LiJlJlj 
.7 fc6 t2 il 
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.i^li- iL-l .2001 ol ji iJL" 

tOljjkil j,-^ ^LlaJ JS'Lim J jj^Ua^ .1975 0 JlILJ ji J Ol j3 

.2500 ^.ij L-LJI jjy: tl Jll^ 

.181726 ^ J LvLJl w^ydl SJlpU tSjli. aaJJu I 

iiU-l JLff-j iJajV iJSLlil ijl^iiu-'^l j i^w-LJ-l .1963 j jjiLLi^j ol juj 

.812_62_TR_ASD toUIJ^I SiJba..j 

J I ylkil •iJL»L:^i .1973 J> j jli^^l ^ ^ ol ji 

.153 - 135 4»KiL,« tOjIjuwtJJ^ j*.la< ', js^ i djlAj^juljji ^i^^ 

ol ,7t^l (»-^^ Jj-^*-^ • 1^85 t^^L^ fj^^ j^j >^ JilLiji i Oiji iJLi 
^^^^ lou^l ^ - ^JLifciJl ^»iC».i]| <jJa}\ iJSLiut J olj^ : js\3 Jul Jill 

.384 ajlpT jjyS t ji-^j 

p.^^ ^Uaj |» .^.^7 oLjlSj ,1989 O j—^ jhriJ ^ O^ji^ (j^^ y ' Oiji jiJ^ -iJLji 

t6 1 12 jJLf t ^1 iJLf tiv»LjLl 4»^Sll Jl .>;:...ll <_^Li-l oI^^^Lj 

.919-913 

c^^^LjjJI ^,-^1^1 J jl ^^Vl ^JLiJI .1947 |.LL j aSA^ 

.519-493 1^9 j^j tUJLl^ tOljJail^jl^iU 

ol^ fid^ ^ sJbl^l oIjjJlII fl^Li 4.Jftjt .1984 ^ jjj JLij^ J..!L:.< 
.103 - 99 a i7 JlU i^^jiil ALf (^illUll s^iyi 

.2277 L-liJI Jiy ytJ tUjLSJl dUil oUSUiII .1983 

iLjijVl jijS7.tf*yi tik-jjll ^ S^Uftjl oLUi^l .1993 JL^Ji 

.789 ijLtf-T t4jL^I 

a891 t73 JlI^ tSjSUail iip^l ^y»J^ .1947 oli>j^ 



.284-281 



oLSJLJ-I iJL«_ij« ^LiajJ jl j-Ai^Vl jji^Lft i^lji .1984 ^ j-J j ^LaiLj-j^ 
-582 l>uu^ i5 i7 JlI^ i^^jill JUL^ iJL^L^I ^.^l lijL^ ^Ijl».i^Lj 

.587 

^i.^»>i]| ^UaJ oIj^ .1984 o >^ jJlJjd J t ^jjj oljd ^(^^ iyji^^ 
.170419 j^i J L-LJI t JSli J5L1j SJbljdl 2 ^UaU Ol «a>>-j 
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tOjJUl J J.;W7ll _ J 5JUjJ| j .1999 ^h.'.,. jJL- jl 

.21 - 12 4».iL^ fcl ftij i22 Jdif fcilLibjJij ij,iG>.iII i'lfrj::!! ^ 

t^^l .^ali iJ^I Jl JjSfl ol yLkJI ^ Ol^^l .1989 ^LLj ,^,.JLJ 
.459 - 449 4>ijL,4> (4^j U2 JiLf ^^bJiJlj i^^S^I ^Vrj^' 

tl2 tP-Uiiil ^^L: ^ id\jJal\ .1998 c^j^ (.rrjjM 

.20546 iLV'^ tHq L-LJl tL-Lj| ^^L" tl3 

SiJijiiji M-^JajSflj jjii,,14-| ijjjLijl ./I V .1981 oLcjLaj »jJ ttijJULw- 
^ oLJU- ^^^^d^ IEEE ijUL^Laiil ^^j^fl ^ ^iJl^d^l j jj^ : ol 

.65-47 4>-iL^ a ^Jj i26-ACJLLf tj^Sfl ^.iUiII 

iJ>^l Jj* JiJi (>i Jliii Jj>-JJ ip^L .2000 

a035 a04 jJLf tol^^lkil <JLf tJ-Kiil ^jJI j^UJi ^(jl^^L, 

.245 _ 237 

•<JdJ -^Jjiji^ ^t/^V' (J^^l f^^l -1986 o^jj Ji^y-V-- 
oLJU- j-siLji IEEE ^t/^Iil d\j^\ ^JiJ- .1993 o^jj J^^-V^ 
- 1699 4:>^ t6 ^23 - SMC JiLf t JVI ^^^1 t J^^l tUiiVl 

.1717 

iJU « jjLlI o^^OzU j,-^:^! J j\ jlj^'^S .1977 J juj cjj^^jj JiH?-V- 
.794 - 787 t8jjj jlU iSjJiyiil^ c^bSl 

jA JjU a ^LkJ JbljiLl jl % ./1 7 .1996 J _ jjj Iij^ i jjj 

.474 _ 469 Is^jL^ t2 1 19 JiLf 

toy^Uzil tj^l ^^Sfl ^jLi" .1968 jjLliij .iL^Jj 

.401 - 395 h^jL^ t4 i5 JiLf 

oLp^^I e^JlMlA J\ ^uiijl .1980 jt^l*^^ (.rs^^ J ^J^^^J <lL?;i J 

t ^1 cujIj SJL^li iBlOl - 80 - TR - AFWAL tSl^U-il ol5.;W7 ^ 

<^ ^1 Ujf t W jLjJll ^ ^1 o tj*-^ ^ .1978 oUJ jji J ^L.Til j 

.326-319 *^ c5pJj tl JiLft i^^Sl^^lj 
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U7 - XB S ^LLIi ^ j^UL-l j^^LjJlII jI ^ii^Vl .1950 jJU jj c^J j 
.148 _ 133 4»Uv» t3j»jj tl7 JLLf 

ti» ^1 J jLidl <^ jLi» ^ iiJLAil iaJJ-l JJL^ .1987 oJl^ j Oj-- jJl^I 
.194- 187 hnl^ ^2 tlO JLLf t^LjJiilj i^rjiil 

4JLJLi» tolj^iail ^ ^Jiiiil ^ i jLkil A^JuJ oiS^.W" .1988 ^V^^ j^^^f 

.157_LSajlpT5p.|^ 

•JjSCJLI J*j-4ilji-*jL5i]| JJL^ .1984^4^jlpj t^^^-SLj^t^^ t^^l jLiLs! 
.112-106 fcl (7 JLiif fcilJLiLJLllj i^ii^l fc^^jlll ^ fc^Uaill 
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Landing gear 
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Wheel 




Strain guage 




Thrust moment 




Aerodynamic hinge moment 




Hinge moment 




Propelling yawing moments 




Sidestick 




Stick shaker 




Wing spar 




Complex 




Aileron Reversal 




Jackscrew 




Spin 




Fairing 




Pod 




Invisdd 




Black out 




Wheel throw 




Jet intake 
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Intake 




Streamwise 




Contrabillity 
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Newton secondlow 
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Frisbee 




Stubby 
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Flap 




Flaps ailerons 




Auxiliary flaps 




Dive recovery flaps 




Blown flaps 
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Normal force 
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Retractable arc 

Column forces 

s Stram sage measurements 

Standard 

Constraint 

Steady state value 

Spoiler 

Speed brake or airbrake 
Spoiler aileron 
Slot lip spoiler 
Bod-weight 
Apparent mass 
Bobweight 
Polynomial 
OfF-boresight 
Instrument rating 

Quantitative 

Canard 

Irreversible 

Seam 

Viscosity 

Bonding 

CDI 

Dashpot 

Splashpot 

Inherent 



JLi 

Ljiilj iJJL^l 

w 

ij^Uj 4uJ^ 



752 



Residualization 






Vector 






Codified lequiiements 






Discrete 






Bent 






Fold 






Isobars 
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Flap slot 






Overshoots 






paddle 






Nacelle-pylon combination 






Align 






Proceeding 






Buckled 






Bypass Jet Engine 












Bearing 






Shielded 






Boresight 
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Abscissa 






Ordinate 






Transducer 






Contour 






Straw man 






Servo 






Yaw damper 
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Coning 




Damper 


JuJt 


Oleo struts 




Yaw gust damper 




Embodied 




Manual reversion 




Conjugate 




Notch filter 




Reentry vehicles 




Vehicle 
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Geocenter 




Aerodynamic Center 




Metacenter 




Center of Pressure 




Metacenter 




Centroidal 
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Elastic 




Propdlor 




Pusher propeller 




Puller propeller 




Aeroelasticity 




Aerothermoelastidty 
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Aeroservoelastidty 
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Augmenter 




Glide slope 




Laid out 




Worm gear 





754 



Feeler ailerons 
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Actuator 






Operator 






Baffled fuel tank 






Weighting matrix 
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Characteristic equation 






Coefficient 






Lift coefficient 
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Vanishes 
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Trim compensator 
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Data 






Mach trim compensator 






Criterion 






Trim 
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Hinge 






Swivel joint 
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Denominator 






Foreplane 
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Optical tracker 






Control column 






Rating scale 
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Constituents 

Solenoid 

M aneuverability 

Popup maneuver 

Catapult 
Steam catapult 
Droop 

Debugger 
Transpose 
Developed 
Pushover 
Wing leveller 
Rotary Balance 

Trim 

Home balance 
Trim 
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Tensor 
Thrust Vector 
Jet wake 

Parameter 
Reversal parameter 
Tractor position 
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Banking 
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Overhung 




Serve 




Pull-ups 




Dive pullout 




Taper ratio 
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Aspect ratio 




Propagation 
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Datasheet 
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Time domain 




Wingleveler 
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Bifurcation Theory 
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Air traffic control system 




Frozen point 
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Pivot 




Neutral Point 




Stagnation point 
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Drop model 




Mockup 
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End-game 
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Drop 




Wing drop 
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Hard landing 




Plunge 




Hermitian 
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Structure 




Airframe 




Bare airframe 




Wing panel 




Wedge 




Wing chord 
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Nose-up attitude 




Rigging position 
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Stick free 

Nose-down attitude 
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Induced 
Stands for 
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3 surfaces configuration 
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Actuator 




Aerodynamic center 




Aerodynamic hinge moment 




Aeroelasticity 




Aeroservoelasticity 




Aerothermoelasticity 




Aileron 




Aileron reversal 




Aileron up-float 




Air traffic control system 




Airfoil 




Airframe 




Airload 




Airspeed 




Airspeed 




Air stream 




Airstream 




Airworthiness (Civil) 
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Align Slil^ 

AmpUtude JUill t 

Angle of attack ^ j3^\ 

Anhedral i-lU i-SUS Jjjij 

Anticipation JLi^Ml 

Apparent mass ^jy^l^t ^Ub^l 
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Artificial-feel system (/*^^ ^r^^ 
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Aspect ration 4*Lj-jIli«J 

Asymmetric power S J9\xu l^jfi-l jJii 

Attitude f,6^ 

Augmenter Jbji 

Autopilot jT jU? 

Autorotation jli (1)1 jji 

Autorotation jlJJl <Jl jjjJl 

Auxiliary flaps SjipLJi^ oL^l 
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Bellcrank jSi j^ji 
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Bellows 
Bent 

Beveled angle 
Beveled Edge 
Beveled surface 
Beveled-edge control surface 
Bifurcation 

Bifurcation analysis 

Bifurcation Theory 

Blackout 

Blowing 

Blown flaps 

Blunt-nosed 

Bobweight 

Bod-weight 

Bonding 

Boresight 

Bottom rudder 

Bound velodty 
Boundaries 

Boundary layer control 
Break frequency 
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Buffet 
Buffeting 
Buildup 
Burble 

Bypass jet engine 

Bypass Jet Engine 

Cam 

Canard 

Canting 

Carpet plot 

Carrier 

Cartesian coordinates 
Castering steerable 
Catapult 
CDI 

Center of Pressure 
Centroidal 
Chandelle 
Chandelle 
Characteristic 
Characteristic equation 
Choidwise 
Oaxnshell rudder 

Climbing (Pitch Down) 
Climbing (Pitch Up) 
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Codes 

Codified lequiiements 
Coefficient 
Column forces 

Command augmentation 

systems 

Compilation 

Complex 

Configuration 

Coning 

Coning motion 
Coning tests 
Conjugate 
Constituents 
Constraint 
Contour 
Contrabillity 
Control column 
Control surface 
Convertible rotor wing 
Coordinates 
Corded Contral 
Coulomb friction 
Counterrevolution 
Covariance 
Crabbed motion 
Criterion 
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Cross 




Cross-feed 




Crossover 




Cruisuig speed 




Curvilinear motion 




Damper 


JuJe- 


Dashpot 




Data 




Datasheet 




Debugger 




Deflection 




Denominator 




Departure 




Departures 




Developed 
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Differential boundary layer 




Dihedral 




Directional 




Discrete 




Dive 




Divepullout 




Dive recovery flaps 




Divergence 




Dogflght 




Domain 




Dorsal fin 




Downburst 
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Down-going 

Downspring 

Downwash 

Downwash 

Downwash 

Drift 

Droop 

Droop correction 
Drop 

Drop model 

Drop off 
Dropback 
Dutch Roll 
Dutch roll oscillation 

Dyadic 
Edge vortex 
Eigen 

Eigenvalues 
Elastic 

Elastic airplane 

Elevator 

Elevon 

Embodied 

End-game 

Engine pylon 
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Extrapolation 




Fabric covered control surfaces 
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Facet 




Factor 




Factorization 




Fairing 




Feature 




Feeler ailerons 
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Flap 




Flap slot 




Flaps 




Flaps ailerons 




Flare 
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Flave 
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Flight envelope 




Flight qualities 
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Flutter 
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Fly by wire 

Fly-by-Cable 
Fly-by-wiie 
Flying tab 
Foam 
Fold 

Forebody 
Foreplane 
Formal 
Frisbee 
Frise aileron 
Front side 



Frozen point 

Function 

Geared tab 

General-Aviation 

Geocenter 

Gimbal 

Gimbal 

Gimbaled 

Glide 

Glide slope 
Glide slope beam 
GUder 
GPS 
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Gradient 
Grapevine 
Ground roll 
Ground Speed 
Guided aileron 
Gun camera 
Gumey flaps 

Gyration 
Gyration 
Handbook 
Handling 
Hang glider 

Hard landing 
Heading angle 
Helix angile 
Hermitian 
Hightail 
Hinge 

Hinge braket 
Hinge line 
Hinge moment 
Horn 

Horn balance 
Horseshoe vortex 
Hydranlic Boost System 
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Hypersonic 

Hysteresis 

Hysteresis 

Hysteresis loop 

Identification 

Idle Set 

IFR 

ILS 

In tandem 

Inboard 

Incipient 

Indicate 

Indicial theory 

Induced 

Inertial coupling 

Inflow 

Inherent 

Inherited stability 
Instrument rating 

Intake 

Interplane struts 

Interpolation 
Interspar 
Inversion 
Invisdd 
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Lag 
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Landing Ja>- 

Landing gear Jp j-^Jl o^U-p 
Lateral 
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Lattice ^SLiJl 

Lead J«« 

Lead Balance ^j^U*» jll t) jl^ 

Leading Edge ( V^^O 4«JlHI oU-l 

Leading edge slats tJL^ ^p^bjd jj^ v^^^ 

Leeward U j>J ^1 i^l 
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Lift 




Lift coefficient 




Lift fan 




Liftoff 




Likelihood 




Linked tabs 




Live nut 




Lode 




Lockon 




Longitude 




Low tail 




Mach trim compensator 




Managing control force 




Maneuverability 




Mannal reversion mode 




Manned airplane 




Manual 




Manual reversion 




Maximization 




Maximum likelihood 




Mechanical clearance 




Mechanism 




Metaoenter 




Microsyn 




Minimization 




Misrig 




Mistrim 
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Mockup 
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Momentum 




Momentum 




Momentum conservation law 




Nacelle 




Naoelle-pylon combination 




Net airfoil diculation 




Neutral point 




Newton secondlow 




Normal force 




Normalize 




Nose-down attitude 




Nose-up attitude 




Notch filter 




Notched wing 




Numerator 
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Oleo struts 




Operator 




Optical tracker 




Ordinate 




Outboard 




Overbalance 




Overbinking 




Overhang 
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Overshool 




Overstressed 
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Pad 
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Parameter 




Parawing 




Peg 




Picking up speed 




Pilot Rating 
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Pitch 




Pitchup 




Pivot 




Plain-linked 




Planform 




Hug aileron 




Plunge 




Pod 
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Polygon 




Polynomial 




Popup maneuver 








Power 
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Power 




Preset 




Proceeding 
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Procurement 




Procuring 




Propagation 




Propelling yawing moments 




Propellor 




Propulsion 




Puller propeller 




Pulling 




Pullout 




Pullup 




Pull-ups 




Pure flying 




Pursuit Plane 




Pusher propeller 




Pushover 




Pushrod 




Pylon 




Pylon 
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Quadratic 
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Quaternion 




Radio controlled model 




Rapid roll 




Ratcheting 
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Rating scale 
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Recovery 
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Regging datumline 
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Return difference matrix 
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Reversal parameter 
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Rig motion 
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Rolling 
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RollofT 
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Rotary Balance 
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Rotary Balance 
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Rotary Balance Rig 
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Rudder 
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Sailplane 




Scalar 




Scale effect 




Seam 




Serve 




Servomechanism 




Sharp 




Sharply sweep wing 




Shears 




Shed 


^flnflnl" 


Shielded 




Short period oscillation 




Side wash 
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Sideload 




Sideslip 




Sidestick 




Sidewash 
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Singularity 




Siren 




Slat(s) 
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Slipstream 




Slipstream 




Slosh 
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Slot lip spoiler 
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Sluggishness 




Snaking oscillation 
Snapup 




Solenoid 




Somatogravic 




Span wing 




Spanwise 




Spashpot 
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Spin 




Spin 
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Spinning 
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^\ oL:Ai (iliJi oL:sUJ1) 


Sputter-plate 




Spoiler 




Spoiler aileron 




Spoiler aileron 




Spoilers ailerons 
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spring Tab 




Stabilizer 




Stagnation point 




Stall-spin 




Standard 




Stands for 




Steady rolling 




Steady state 




Steady state value 




Steam catapult 




Steep 
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Steep dive 




Steep Turn 




Steep Turn 




Stick free 








Stick shaker 




Stick-fixed stability 




Strain gauge 
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Strap-down 




Straw man 




Streamlined 




Streamlines 




Streamwise 




Structure 
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stubby 
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Suction analogy 




Sump 




Supersonic 




Surface hardover 
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Swivel joint 




System 
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Tadpole 
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Tail-last configuration 




Take of 




Tandem 




Taper ratio 




Taxying 




Tensor 




Thim shell 




Throttle 




Thrust 




Thrust moment 




Thrust vector 




Time domain 




Time history 
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Tip 

Toroidal 

Tractor position 

Trailing edge 

Transaction 

Transducer 

Translation 

Transonic 

Transpose 

Trim 

Trim 

Trim compensator 
Trim lift coefficient 
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Twin engine 

Undershoot 

Unstart 
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Vectored thrust 
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Vehicle 
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Vortex 
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Vortex lattice 
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Weathercock 




Weathervane 




Wedge 




Weighting matrix 




Wheel 




Wheel throw 




Whirling motion 
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Wing chord 




Wing contour 
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Wing drop 








Wing leveller 




Wing panel 




Wing rock 
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Worm gear 
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Yaw damper 
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398 JbJ^oljLil 
604-603 : ijlal ^1 5jLi)/l 
497 : jy>l*-UI JliLJi*yi 
360 O^i^l 
246 liJjjy-l 4^>l^'5Ul 
278 

544 lixS^I JlUVl 
574 (183 :i3^IJUapl 
544 JlUSfl 
593 c348 4178 :AJa]J^\ J^^UJ 
64 : i**J ^1 A-jiis ^1 ij^ilS^I 
453 (286 

421 :.l.l(OijjJ! 



543 : 5^ - U*JI jl ^1 

(187 (170 (142 iJbJjiil jl^^^fl 
(297 (271 (228 (208 (204 
(447 ( 437 ( 393 ( 342 ( 339 
(540 ( 515 ( 499 ( 490 ( 450 
-555 (551-548 (546-543 
(570 (568-564 (560 (556 
(606 (589 (577-575 (572 
615 (611 

(33 (31-27 : ^,-SL>^lj jl^^iJL^^fl 
-60 (58-52 (50-49 (43 (35 
(80 ( 74 ( 69 ( 67 ( 65-64 ( 61 
-105 (103 ( 93-92 ( 90 ( 87 
(123 (118 (110-109 (107 
(164 (161 (143 (136 (133 
(194 (191-188 (186-184 
(218 ( 209 ( 202-201 (198 
-272 (259 (237 (226 (222 
(326 (324 (308 (287 (273 
(374 ( 350-349 ( 343 ( 338 
(405 ( 396-395 ( 383 ( 381 
(428 (421-420 (415-411 
^447 (445-443 (437 (433 
-459 (456 (453-451 (449 
(476 ( 470-468 ( 463 ( 461 
-499 (486 (484 (481 (479 
-515 (511 (505-503 (500 
(539-537 (535 (528 (517 
(571 (553 (547 (545 (542 
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389-387 t383 i^y^l 

255 : J\jjJS\ i^L^>i\ 

398 : V^jSfl a1>j^'^\ 

t312-309 t 242 a93 : iJ»Ut-^*yi 
451 c343 i331 ^319 ;317 

473-471 loUJL^lUiJl 

97 : i»li->fl iJij! 

202 : UJLJI iJj^)fl iJiiVl 

558-557 :5Jbljdl yilj^liJij! 

515 : JVI ^,^:^l4jijl 

-168 ojJLiiL Ulij! 

171 

184 : Jj^\ Jv» jt^^l iJiJl 
184 

544 :i]!>L-Sfi ;ik-.i^ Uijl 
: or^L^i ii^i^ ^.-s;:^! 

544 

574 *572 :sjUU1| ajiil 

ij^^SXJI J^^L 01^1 iJijl 
181 U79 

568 

146 :USS\ ^,^\aJSu] 



446 :^LJj oj^l 

268 li^y 

69 iJJ^il ijJ] 
567 :4jkLlij«^^l 

46 I S jSUail ^t^'iMS^ 

127 U24 

193-192 ij^U-l ol^Nl 

193 : JUI ^l^^fl 

192 ijl^VI 

t353 U03 : j^I^,-JLJI jlJL^^fl 
442 t367 

1 269 U40 ^jJt iii 

523-522 c 492 c417 

453 : *jl ^1 

520 ol^l ^1:^1 

450 t332 t32 idj^jJj] 

31 lOU tO^jJ^l 

334 t277 cO^jJIjI 

t251 t234 t34 : ^^U-l j^f jJ^fl 
t272-271 i266 t255-253 
1 390 t324 1 299-298 t274 
553 (476 (438 (400 ( 395 

-450 (388 (122 : yS ja ^Jl\ 
451 



t51 t44 ^41-40 t36 iSyOJl*^! 
t209 tl57 a25 tll4 t95 
t300 t280 *270 t268-266 

t351 ^316-315 c308 c305 
t437 i426 ^ 403 ^390 ^379 
530 ^467 ^452 

482 : ij^l ti y ^-si^i J^^i 
386 :5jSiyi;i^^4kjl 
44 

36 ►l^l 
465-464 ^ 45-44 : Jjp-\ .I^Vl 
461-460 

: Beech Model 35 S ^Uajl ^I^J 
437 

407 :Ai:LP33l ►l^l 

-390 t383 t330 : J^^iJi ^lj-^)fl 
461 1 394-393 ^391 

44 .1^1 

U16 t82 t27 :^jjJLJ.| jL^*yi 
-237 t231 t210 t203 a28 
-255 ^253 ^5 1-247 *243 
t275 t265 ^260-259 ^57 
600 ^464 ^442 ^438 

438 jL^^fl 

234 jL^*yi 



574 Uiajl 

433 : sJS'pl ^ lX\ 

a66 : s jJLiiL Sjj*il ^.^Udl UlkJt 
178 

545 : ^j^l oLa <>^.i;^ ^.oJaj! 
543 tl71 :,yOi^l^liJa:t 

: 4^^^ JjJUfll ^jJl olid AjJoj] 

388 

566 t554 

: j^^SULJI J-^^Lj 01^1 UJdI 
182 a74 a72 

130 :,^>c^\ ,j-JUI Ulijl 

^ Ol^^t^^i-l <JLoKl4 ^.oJajt 

332 :*5^SlJ^ 
572 UiiSfl 

444 : jrl^L h>^^\ IM] 

181 ijiUiJLa^LSai UijVl 

t248 a42 a40 I^Uil^l^^fl 
c409 1 407 1 401 t375 t298 
463 

U16 t41 :l^j^J^\j 

600 ^492 ^302 t278 

523 t277 c267 I^r^jJl ^\^\ 

140 : jily 5 ^0. «j3 iLi-l 



29 Ivluj^ (jULidL 

227 'O^J^ 

260 : ^ 4 o jL^jL 

251 :^S%A 

246 ^(^^WOL-jb 

32 I ^^..lA^?' (O^jLj 

254 0>.li 

32 :J^b 

239 : Vit^^l ^ 

t227 4221 t32 tol^. 

487 t233 t230 

140 : .ti tJlJLiit^ 

500 : J jl ^^fl 

503 :sjb-l^i:uijJI^I^ 
498 (56 : 01 dUbd 
498 : ^\ f UiJi i>.Juj 
547 

530 iOjl^ 
469 449 'i^j^ ^jj^ tOM^ 
55 I yj\ 4c)j— 
373 4309 449 : .5^ c^yj^ 

443 : J ^,.,.^711 J 



401 4 144 :^lyuNl 

4 204 : ojuj j-jJl <j>- ^jJi jl^l 
384 4 341 

558 : ^Jiil iii JIjiaI 

587 4 582-580 4 179 

343 

560 : >3I oOl 

589 :jLy( 

4 580 4 558 4 420 4 374 4 288 
616 4595-594 4589-587 4582 

161 : jJjjLa 4vi-iij jjjt 

82 : 4j3jjjj1 

571 4 182 : jar.,M 4 jlJL- jt 

4304 4I73 429 :jU^ *6:^-5^J 
516 4 500 

598 dL.bij^.)fl 

553 : ^Ij 4jjliLI 

277 : jbt 4 0j-JJ^l 



260 4(j;;j*yi) CJjjIj 

32 I ^^.AA^ 4 0 
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300 Ijj!^ i^jjljii-jj 
94 i^jjA^ tjjj 
555 c553 i546 :^LJj c^^^f^ 

267 I 0 1 0 
446 t275 t^;-^^^ 
257 (0^0^ 
46 : iJ^^jj t cJ ji 
379 :OLiL-JjLj 
451 i^JjjU 



459 : 



( JLj 



475 t60 t54 :3jL5^ t j^jii 
227 t222 :<:jL«j^ 

379 tiijii 
305 I ^ ( OjL^jjj 
497 t82 t60 'J^jsi 
548 l^jjjJ^ 
130 t39 : .^.j tOjii 
91 lOjJiJ 
92 '. i.jLLurf ( (J''-*^ 



422-421 



535 



3 « 



163 I Jjjt^tMii if^js;wljj 

260 ^252 ifLJj 4(^*^1) 



443 : linAir Pro i^^l 
306 : F-16D MATV ^ 
306 : F/A-18 HARV 
537 : FLEXSTAP 
306 : Prototype YF-22 
306 :X-31 
565 • j^jjt 
576 : Sl^Ut 
594 :0I ^1 OU^ L-UI 

92 I jUj jjj ( ji 
188 ij^lj 'jdj^ 
118 4.iLj jlLlA ( ^j^uL^jji 
310 :.2^a*d^ 

549 Idjljjbj tOliLL 
46 

41 -trdj^ **^Jdji^ 
53 : (j-*jJ jS^ 1 4.;-^ 

542 



570 IJLiji t 



403 ; ( j^jy, 
319 tt^ij-j^ 
321 looijdt OU^^ 
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1 33-32 1 29-27 : S^LkJL ^.-Sl^l 
-80 (69 «60 (54-53 (48 (38 
(197 (123 (107 ( 93 ( 82 
(543 ( 515 ( 504 ( 383 (226 
614 

283 :^\jr-"^\ JLaj 

286 : aSJ jjJL^I 5j JiiL ^,^:>dl 

283 : ^1 iJU JL^^LI 

(214 (43 (36 :^j^J^\ 

525 (453 

453 : ^^-L-^j^l ^jJl 

212 ifU^ljii;:^ 

102 : ^ 

398 :^jji\^^jjl\J^^\ 

576 :iiL,Lijy.)fl oUSUdJI 

4 338 (202-201 : SjJL^I oU-SL^ 
549 

201 r^jij^^loUSUiJl 

272 : jliil jSfl JJUdI 
303 

495-494 :^y;II<4:>.i- JJii 

553 IftX^I^Liai JJ^ 

-536 (516 i^l JJL^ 

542 ( 540 ( 537 



360 ijAS 

-555 ( 547 (419 ( 87 : Jd^l 
556 

556 : c-ia53l jLij* Jij^l gL- 

556 : As^ ^jJi Mjjij gti 

555 :Sj5iyi Jo-^gU 

478 Ij-aigbJI 

124 :^j^>l\^o^\iJ\d;jij2 

123 :.MiJli3^l ol^*L- 

324 V-^ol^*b 

276-272 (266 ( 234 

491 : ^^U-l jpLdl 

491 : jlpLiJI 

521-517 : ^1:^-1 Ji9 JpLj 

(Strato Liner) jLJ jJl j : ... II i-j^ 
180 : 307 

560 :.^LJI 

451-450 

390 : BAG 1-11 S^iUl^ 

422 :^LJ5^Uftj|jJa/ 

198 (133 (79 :cJI^*ML 

(344 (175 ( 89 :i*^L j,j;:*Liil 
525 (354 
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548 ^j^\s^ ^Cf^ 

• o^b - o^y'^y. - -^J^^ 

449 t 447 t446 

^438 ai4 

455 t443 

(161 '. jj fljLfrL^u^j ^ . » 

443 

*86 *70 (54 (33 IS^LUI . . ...iT 
(336 (205 (168-167 (99 (92 
524 ( 437 (424 ( 362 ( 351 

164 :^\^\ ^,^\ ^UiJ 

310 : J^Ijuq oI^Uj 

500 : j^,->4* V 

(366 ( 359 (102 : oLjUJ 
(548 (508 (466 (441 (384 
614 (609 (596 (575 

552 (494-493 :^>l c-u^l 

494 : J5LiJl,^.^l 

308 : ^jJl 4^ jj oLiij 

69 : Olj^l 5i jj^Li oL:2T 

J^LLy^l 4^JLdJ 

265 

482 : <^ 
439 : l^yi 01 



547 (490-489 : ^^^V o^^L.^ 
128 liliil] ^^^j^ JuUi 
128 : JuUdI 
378 (189 jl^I 
438 : JLS j>- jLwJ^ 

436 

436 :^jMj>i\Ajj\jJuJl 

249 (232 ( 223 JL*i-2Jl 

347-346 ( 344 :«lsS3l ^^jJU" 

413-412 i^liiil ^jjj 

(218-217 (128 It^LkjJlii^ljjJl 
(250 (235-226 (224-220 
(505 (487 (308 (286 (266 
516 

235 :^^US1\UJ:1\ 

515 (350 

336 : ^1 oIp jJLj 
287 jJLJI 
85 tjijLtJ (dULij 
259 t91 :t-ijjj:>- (j^LU 
570 :*-JLi (^jJLIj 
432 : ^jjl^l 
438 :^>l^yLiJl 



82 iOUjlui'I i^jS\s^ 

378 : jUj/ SjsU 

i80 t76 t74 ^70 SjtJL^I 
87-86 

405 : Jii-I Oldj^ 

483 :^^JijlOL.>L| 

tllO t49 t47-46 iS^UaJlj,-^ 
i341 c258 a98 ^191-190 
c400 c395 ^368 ^366 ^350 
t460 t456 c 454 t 445 t406 
t484 t474 t471 ^464-463 
t531 *529 ^ 509-508 *486 
t598 t571 t567 t553 t540 
600 

-74 471-67 c65 ^35 c31 c27 
a04-103 i93 1 85-83 4 80 

aiA-ni aio ai8 a 12 

a40 U38-134 a32-129 
1 148-147 1 145-144 tl42 

a66 a62 a58 ^54-153 

t218-217 a98 il91 ^81 
c 227-226 t 224-222 ^220 
c 246-245 c243 4 239-238 
t259 ^257-256 ^251-250 
-310 i287 t285-284 t261 
^320-319 *317-316 t314 
t335 ^333 t 327 1 325-322 



173 : jll 

610 4594 (590 

184 <JAi\ 

568 : JixSfl ;i*jbdl ^^j^ 

450 t447 IJbJjdLl 
437 ::L^li.3jy^)f( oLj^I 
180 : dU jjJLrfJI JsL. Jij 
255 : i,iJlj^-ii*** y 
31 ^ijjj^ 

502 
29 : 
572 

82 c71-70 :Jb^ tO^j^ 
122 I^^U^I Oli^jL? 

119-118 jLJ 
317 IjjdjJ *;>-jjij-J 



170 



280 ifLLj t 
32 ^t/'-^^ 
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(136 • ^ ^ -> ;t * ^ ; -> 

163 4161-158 

186 :5yiyi 

(65 (62 (57 (29 lOlj^-UJl Sij^ 
-80 (78-76 (74-73 (70-69 
(97 ( 95-94 ( 92-85 ( 83 
(188 (107 (105 (103-100 
(429 ( 427 t408 t 295 ( 269 
(523 (510 (442-441 (436 
(590 (587 (579 (576 (540 
613 (609 (596-595 (593 

442 ; <A^jL^\ Qlj.LH js^ 

87 (83 Olj-yi s^j^r 

86 :(Sj^\ ^JlII Sdj^r 

89 : SiUil oL^ ^1 Si 

280 :(ilj|y tOjdjj^r 

(425 ( 321 (164 : o^jj ^jJj^ 
490 (452-451 

(237 (71 (60 (52 : (^^ 
497 ( 490 (480-478 ( 472 

556 (270 (0^^^ 

311 (82 I (O^^^^j^ 

(107 (31 (29 id J ... ; 



610 (589 (570 (337 
302 : JSL^Lq (^j-SLJIj^ 



(366 (360 (358-356 (341 
(398-397 ( 395 ( 387 ( 372 
-426 (410 ( 408 (405-404 

(451 (435 (433-431 (427 
(489 (485-484 (482-481 
(530-528 (522 (499 (495 
614 

64 .Uiili, 
64 ^L^\ 
64 I oIj^^I ^_^jujjo <^juf^ 

194 :JSASS 

451 jl jsUl^li-l 

(321 (273 ( 209 : ^1^1 ^L^i-I 
(452-451 (338 (327 (323 
598 (525 (520 (463 

159-157 ^\ 

(142 ( 82 ( 39-38 : W , „;> W 

315 (163-156 

158 ^1 

159-158 

(106 ( 39 ( 37 : k . li oU^JL^ 
-158 (156 (142-141 (136 
379 (163 (161 

163 (161 l^j^lii^loU^ 
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t286-283 t222-221 UTO 
t338 ^315 t311 t309 t299 
548 t523 t495 t451 

234 : ^jJI ol^ 

t82 ^45-44 *35 :^*>U)fl 

a2o ai7 uio ao5 t99 

(203 (181 (166 (157 (126 

(324 (296 (277 (231 (212 
(463 (396-395 (388 (384 
615 (596 (593 (531 (491 

192-191 

(82 : S yUaii j>- 
464 (242 (238-237 

413 (385 jljiA^fi a^^:^ 

83 : Jb-Sfl 

384 :jJLjJi;i^j:i- 

(106 (100 ( 89 ( 50 :iJMrl4^>l 
568 (475 (449 (270 

-81 (79 ( 46-44 : iJ j jJLi-l 
(189 (116 (101 (95 (82 
(242-241 (239 (204-203 
(258 (253-252 (246-244 
(^8 (279 (270 (268 (260 
(485 (465-464 ( 420 (411 
(512 ( 508 ( 496 (491 (487 
554 (552 



54 (^^f^ 

440-439 :^l^^fi j^l 

(548 (540 :ojljJlij>^l 

553 (551 

546 loLjSL-j^l 

379 (36 (32 i^^^ t<.r^ 

(78 (76 (73 :o^jj ((^j^,JL^ 
(427 (320 (317 (97 (82 
614 (579 

-c- 

181 iLlOllJL^r^SjSiyiaJiLi- 

-261 (106 i^LjsJLJ v-^^l^^* 
(314 (302 (275-273 (264 
326 (323 

210 
185 :c-JJJI 
336 : j-^Loj jL-J ^jj*- 

335 

-42 (34-33 : JjVl ULJI (^jJ^I 
478 (138 (122 (109 (47 

(86 (69 (64 iMJiiJI UUil 
-135 (114-113 (109 (103 
(168-167 (143 (138 (136 
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593 

573 :oy»sJl Ja-.ji;iJU 
508 

507 :U^Ldl 

51 oljJJI JJ^I 

t447 t228 t51 :U\^\iZ4'^^\ 
532 t453 

520-518 

580 : jLi» . oy^Lip Uj:l\ v^^l^ 

105 lOljJail ii^il^ 

475 U02 :oU^I 

180 

* 

-c- 

384 :aJJ^\ 
190 :ol^^l oUljS- 
612 1 387-383 r^y^l ^-.sLiwai- 
46 : j^UjG'yi iai- 
511 :j>J.IJIjj]| iai- 
351 t341 
436 4408 ij^l 



tlOl : s^St ...11 ^ V ^1 
508 

t274 ^270 ^52 LSj^ 
4432 4 429 4425 4402 4384 
548 

36 : a jSlkil 4^ ^S" ^ 

331 ^ 

249 4 49 : 01^1 S ylUl aS"^ 

482 471-70 450 liJjJaJl lSjJ^\ 
4270 4218 495-94 489 485 
4538 4495 4484 4422 4387 
612 

4344 471-70 ■ all 

438 4 385 4 377 

4212 4203 499 482 ^i^^ 
615 4596 4593 4491 4277 

386-383 :a^j^\4$j>- 

470 : Oljjiail 4^ ^ 

553 J^fjJMl^L^ 

4417 4395 4 183-182 :oL-L-J-l 
583 4 574 4 546 4 477 

315 :c^JjjLia-l Ji^ 

(Mitchd field) J .r t , o 

422 :(i3j^^) 

453 4 398 l^'il jLWl oUU 



34« a25 :5ji>li^ji 

42 oLoUi 

400 oL.Ip3 

39 loL^jJl 

186 U69 oLi^ 

453 : jjjJ^I olii 

41 : jl JL>JI /jLj oUd 

138 : As^ ^JiU jjI ^ oUa 

t43-40 t38 *34 ^27 loL^^fl 
U22-120 ai5-113 c71 c45 
-142 U40 U33 U30-129 
-174 U68 U60-159 U44 
-211 ^208-203 a89 ^175 
t248-247 t243 t215 ^212 
-298 t278 c270 . 258-257 
c385 *368 ^324 ^301 *299 
t424 1 41 1-406 t402 t389 
t540 t464 t432 ^429-428 
(608 (553 (551 «549 ^546 
612 

247 (114 :4^U1I ol^*^! 43^ 

609 a87 U69 «i 

352 iii 

a20-119 446-43 I^hHTj^l 
*206 U57-156 ^144-143 
*407-406 *376 ^260 *247 
551-550 



363 :VW 
504 :J-lSiJl oL.jjl> 
124 : iULi] A^LJl S ^1 vjjI ^ 

294 i65 

609 :j(Jb>J^fl/jL^L ^,^::>^l s> 

230 i 227 I^ijLlj t^jjb 

159-158 a56 ^32 : JJjjt tOb 

212 : ij^j^l ^jJl 

559-558 :5iJL*vi:dlir^jai 

44 : 4t»-LL> 

i218 t204 :oJuJj-jJl i^^jJl 
^342-341 t298 *274 ^270 
i441 t436 *432 ^ 429 *384 
1 553-552 t496 t491 ^485 
556-555 

^307 t36 j 

496 c378 

231-229 iSJLS^I i^^jJl 
509 

82 tc)Jblj3 
363 tcULIja 
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379 

102 c99 l^^jiJl (^^\ 
212-211 : ^Ldl jJ> ^jJl 

203 :;:r^JLj| 
151 :i>-^jJlolii JJa 
394 t215 :Oljjyi JJi 
438 :OljiWloL.jLw JJi 
247 ^238 *44 l^uiipjji iu-Iji 
390 : ^Jdl oL.1 jjJI 
495 ^55 : Jjl^ 
594 : d\ jj3 

596 t594 :oLJlJ^)fl OIjja 
367 c231 013 t45 :*J^IC)ljja 
360 : jjiijj (^ijjd 
534 ojjjl t 
456 :JJjiijLo t^^'^ja 
113 :A-20ij>U^!>Uj3 

422 I Jb ( (J**^J^ 

54 :^L1jj tOi^ijA 

288 Ij^b 

t71 t60 t54 t52 :sylkj|dLu.liid 
495 



^46 *44-43 ^38 :i^^JLJl ^Lid 
(105 ( 98 (93 (78 (69 (47 

a4i-i38 a36 a33 ao6 

U72 U65 a51-150 ^148 

-269 ( 248 ( 214 ( 209 ( 203 

(324 (299-298 (283 (271 

(388 ( 379 ( 376 ( 368 ( 364 

(411 (409 (407-405 (402 

(433-431 (426-425 (417 

(493-492 ( 464 ( 438 ( 435 

(555 (528 (526-521 (508 

(601 (600 (585 (558 (556 

606 ( 605 ( 603 

139 : jJUdj SdUll 4^ <id 

-523 ( 521 ^JLil iia 

528 (526 (524 

(70 (68 ( 66 (48 (43 iii 
-135 (103 (87 (84 (77 (73 
(163-159 (156 (146 (136 
(181 (173-172 (169-168 
-315 (247 (213 (211 (189 
(333-332 (323 (319 (317 
(364 ( 362 ( 355-354 ( 335 
-508 ( 492 ( 480 ( 461 (392 
(547 (531-529 (513 (509 
585 (573 (563 



143 : iilPjJi 4ii 
89 A3i 
38 :a^j^\a3j}\ 
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206 : Jj'y jj (Ci^lj 


(197 


(194 (149 dL^LLjd 




49 (37 : jjAjj (ii^lj 




199 




99 ^Uj 




270 : Jlj^l dL.li.jJl 




126 (99 :JsUl ^li^l 




546 iJSL^Jl oLiLoljA 




521 :^\43jj 








432 :«li£*!ifl4i3^j 








lift* I ^iVl . I tl 




• 




396 (197 (35 '.jjij^u^j 




483 oljjJl 


-309 


(190 (136 (27 ij^L^ 




427 (404-401 .Vv-*jJJi 


(320- 


-319 (317-315 (312 






-341 


(339 (333-332 (330 


(125 


(119 (40 (37 Ij^SlI c-JJUl 


(445 


(388 (348-345 (343 


(176 


(164 (160 (135 (132 


(505 


(501-499 (479 (449 


(245 


(243 ( 212 ( 209 (188 


604 (566 (528 (520 (512 


(311 


(278 ( 260 ( 258 ( 256 




474 .1 (O^HhjJ 


(367 


(365 (338-334 (318 




(t-J / 


(401 (394 ( 390 ( 375 






(453 


t 450-449 (447-446 


467 (459 (187 :ow (OLjj 


( Jvi 


(H-yi (H-O/ (H-Ol H-OV 








611 (573 




32 (j^^jjjj 












4^3 : (ti»jj 








401 : iJil wail c-Ji 




305 I (i-wjS^ ( J y^jj 








317 :ijLi»:dij (3jj 




- J- 




221 (j^ajj 




603 oljlil^l 




535 (305 :^Lij (O^jj 




331 (204 :cjjijj (CjIj 




463 (32 (29 :C)\^ ^^^jj 




37 :Jsijjl tc^Jj 
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t432 c407 t380 t271 c223 
612 t470 *463 ^436 

t432 t430 *44 :oLL_»JVI ijj'j 
456 t 454-453 

39 ^y^Jsl\ Ajjj 

t293 a02 : j|JL>J*yi/jJLjJl iulj 
348 

1 122-121 t46 t34 : i-SLnJl ijjijjl 
t324 4274 4192-191 4 185 
4 402-401 4 376-374 4 339 
-531 4491 4455 4420 4413 
548 4 533 

146 4 144-143 : <J^\ A3[^\ j\j 

4 101 441 439 :L^j^JuJ\'^Jj 
556 4 546 4491 4 379 4 141 

4335 477 473 466 ^ii ajj^j 
547 4 509-508 

207 : 01 

4 102 4 83 474 4 39 :^jJ\ 
4288 4278 4223 4 175 4 128 
4 356 4 306 4 296-295 4 291 
4 378 4 376 4 365 4 363 4 361 
4537 4495 4492 4468 4401 
575 4 547 

4360 4 175 lOlj-JaJI jl^l^Jj 
610 4511 4362 



509 

189 4 161 4 143 :u^j\ (^cjjjj 

4 170 46I 432-31 429 lijL. 4 y^j 
4496 4494-493 4486 4288 
4 556-555 4 553-550 4 545 
589 4 587 4 572 4 560 

56 :|.Uj 4Lj 

125-124 4 122 lo^yb 4 

305 {Sjj ' ^ j^^J^^^J 
318 Ij^^ 
212 :A^jjd\ ^Jl 
67 

51 : t j^****dj 
54 ICL^J 
360 : cj jijj 4 JLj^llj>mi^j 
• 

- J- 

90 4 46 ijlj 

125 : eil ijlj 

375 443 :j|JL>J*yiijlj 

497 493-92 445 : j*^ j-J*^! ^^Ij 
4225 4 198 4 193 4 191 4 122 
4409 4406 4400 4 379 4254 
4489-488 4482 4420 4413 
600 4577 4548 4531 4496 
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556 : tJa53l JLL ^ _L-Jai 

56 k ^J-jLj J 
497 c 484 t239 IjijLiJ toi-j^^jj 

31 I ^ ( ^^MM^^Luif 

582 i^jjJL^il JSUI 

336 I t^,Mi^ 

438 : ^(Sj^y^ 

572 It>-^jj hjjaAAzu* 

555 I Ojfj (djjiJLliuif 

594 t250 i32 t jL-Ll- 

317 t310 Idyr- tiibL- 

403 tOL. 

495 : ajIj jJ ( jlL* 0 ^^jl^h 

568 t417 '^jiijj 

479 isyOaii^jjl J>^| 

521 : Jiiil jpL: 

no lOLi^t jLu oU^ 

117 a06 :4jSl^l oU^I 

311 4p^l 

119 jLrip^ 

till t71 t68-66 

(309 (300 (230 «179 (162 



433 :^l^*yijjbw ^jjlj 

43 : ^\ 4j 

-82 ^66 t51 c34 : (•j^j^l mjIj 
(169 (134 (123 (111 (83 
(197 (191-190 (186 (175 
(267 (254-253 (235-234 
(296 (278-277 (274 (271 
(320 (311 (305-304 (300 
(334 (331 (327-326 (324 
(364-363 (355-354 (338 
-392 ( 390 ( 378 ( 376 ( 369 
(447 ( 436 (407 ( 397 ( 394 
-488 ( 482 (463 (460 ( 452 
(515 (511 (509-508 (489 
(537 (534 .529 (520-517 
604 (601-599 (566 (561 

407 : iiip^l ^ ajj\j 

407 :aL^\ *^Ip^| 

223 : i^UjJl 

(347 (255 (194 ( 48 (43 

(372 (362 (354 (352-351 
(523 ( 516 ( 469 ( 408 ( 398 
568 (559 

251 

125 :Oli>t-iyjj 

-472 (470 (306 (49 IjJj^^Ulj} 
510 ( 504 (474 



802 



a44 U42 a38 * 118-1 17 
t493 t334 c330 t274 U51 
600 

612 t 464 t460 ^377 : ^ 

608 *436 Ijl^^l 

t42 ^38-37 t28 :(,-SL>^l 
c93 ^82 c80 455 ^48-47 
U46-142 tl33 a31 ^30 
a60 a57-156 U54-153 
«170 (168 (166-165 U61 
(181-180 (179 (178 (173 
^232 4 209 c 203-201 tl98 
^285 c275 ^249 ^247 c234 
(412 ( 406-405 ( 332 ( 331 
(505 (498 (491 (478 (454 
-543 ( 522 ( 512 ( 508-507 
(563-562 (557 (546 (544 
576-574 

39 : oU^i ^jia^ 
130 

130 

530 (528 

86 :^a^/l 

(385 (221 

(588-587 ( 499 (448 (408 
614 (605 



-347 ( 344-343 ( 320 ( 311 
-360 (355-354 (352 (348 
(434 ( 394 ( 380 ( 378 ( 362 
(519 (517 (442 (439-438 
610 (573 (561 (521 

-230 (139 (98 :i^^JLJI 
(287-286 (284-283 (231 
601 (558 (522 (493 (476 

502 ( 500 (212 \^J\ 4j^j^ 

249 :hj^::^\hJ^\l^jJ\ 

(435 ( 208 loL^i^ ijjIjJI 

511 

(546 ( 87 I^^lU 

561 

(217 (164 (28-27 :oj-Aj| 
-331 (320 ( 311-309 (224 
(344 (340 (337 (334 (332 
(605 ( 578 ( 534 ( 501-500 
613 (607 

-97 (87 (66 (55 : S^^LLJl 
(251 (175 (112 (103 ( 98 
482 (341 (332 (305 (284 

(356-355 (82 :LJjlJI Is^^ 
361-360 

565 : (aJIlwi 

213-212 (66 



340 : ol J\W iJLiaj^l ^ yJl 
a65 a36 ai3 *31 :^^/aS^ 

t2io t206 a95 aso a74 

t328 * 324 ^230 *221 ^212 
t548 ^534 t528 1 524-523 
571 

71 : (j-So jllj 

42 : cjLi' J^jrA^ ^1 ^ 

206 I ^ ^ j^^J *^ 

U43 a27 t70 l^^^iLtja^L^^ 
^222-221 t206-205 a60 
363 t 330-329 t233-232 t226 

317 idULijii^^ 

390 :5-J11h^I ol^slUia^yi 

561 

45 b\jA^\'4S^ 

231 ^210-209 :OL.j> A^yi 
495 

243 

443 

t311 U97 t92 

599 t346 
534 o'yjiiij-i.JJijL.;^^ 



260 :,>a-i- cly- 
443 lilLjiy tL^bj*- 

343 \by>- 
319 I J**l tO^j^ 
36 iJjy (iilJ^ 
82 t75-74 i72 t70 I^^jU imJ^ 
250 t4>*^ 
243 Ijl^jt (OlaJL^^ 
363 lijljij tJSLu- 
41 i^JiMjj^ 
467 ; i-i*^^ ^ 



415 I <ij*>» t jjiLi 

260 li-ijj^^ tj^^Li 

334 i^j^^Li 

i275 U97 a95 ISi^ 
534 c396 

135 : ^7,...^L. U c^^lLi 

178 

372 : Aero Vironment, Inc 45* ^ 

46 : jSt 

(481 iSdjJbJil^^lUJAjSia^^ 
498 
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32 idjjiLi' 330 : jJU j jS'U aS"^ 

32 ij^ljjj 176 i^^iS"^ 

475 liZ^jijj 4<jui t31 : o^jJLgm A r ^ a' ^ W ^] a:\ \ 

556 t357 t90 t85 

" ^ " : (STi) Si jjbJi Ay-g-iW ^Jiiii 
374 .86 *76 i^'jU* ^56 *357 .90 .85 .31 

442 .430 360 iL^-jij:^) ^\4^jJi 

86 : ^Jiil OljJft3l ijs-^ 422 ; JjGU ^ 

575-574 : ^,^:».i3l iJaJl S^-^U 573 : JjjJ 

507 : ^,^^1 oL.Uv> 80 : ^.il 01^1 

233 : ^1 oLoUvail 542 U87 : ^ yJl ^U-i 

443 . 28 lOl^iapL^ ^111 ^102 .100 : ^jlJI j^L_«_Ji 

606-605 .577-576 



221 : iJjLo^ ^Ij-*^ 



507-504 : ;iiy-l oUi-tu. 

473 i^^^-L,^ JO 



.133 4 123 :^^,_SL^Lj^JLil iaJt-^l 82 IjIp^J tJiJj— i 

573 .533 .528 .501 .499 . i • » 

157 . 32 .4JLjj-i 

372 .130 W 221 ,JjJ, 

387 lii^jJl 
243 .j-i 



.136 . 82 . 32 .jlj-- 
408 .212 .145 



136 :B-17ol^li» 
519 : RepubUc F-84 oly^li* 

103-101 :STOL ol^U, j^^^.^, 

442 :VFRol^li» 500 
102-99 :V/STOLol^li» 521 l^ifjU .^JJH 
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-373 t371 : |JL>. ol yLUl 

513 4381-380 4378-376 ^374 

384 

: 4,, 27 ..,11 oli ol ^UaJl 

526 4 321 

390 : yiSfl oUiSfl olS ol 

46 : 5J jjai as" >l oli ol 

: ij 0 j3 oLp j-Jl oli ol jSUftil 
186 

^^j^Sfl ijij^>^l ol jJLW 
369 :«LiJl 

421 :i^Sfl V^2^l olyiyi 

4 165 448 427 ol ^LUI 

532 4411 

4 34 : ^LJLl ;L5Llj* <^^^I^ ol ^LU 
402 4 36 

262-261 : ^L*3l d\ jjiail ol 

486 442 427 ri^^^^^L^I ol^'LkJl 
4578 4437 4198 4IIO 4IO5 
594 

442 : Aii-i ol ^ly I 

jl ^2 7, .VI oli S^^^^l ol ^LkJl 
611 :iJj-^»45y S^lol^lWl 



: JJlil ^Li ^1 oli VTOL ol ^U* 
127-126 4 103 

JjLJI jLJ^I ali£*^l ol yU* 
457 : 23-^ 

376 : ^1:4-1 i-iUSflol^iyi 

.,11 511 i»j-^^lj ^^)fl ol ^LU 
596 4 593 

357 4 351 4 107 :5j^lol^li» 

164 : ol 

4289 4 180 486 :hjis>^\ oly^Lkil 
607 4 434 4 342 

: jl.sMI J o*UJI ^jjU^I ol ^liJl 
434 

4 288-287 4 283 ol^lWl 
609 4 468 4 308 4 298 

123 : Jr\ ol 

374 : 0 >l ^M-l ol yO. 

: a-sLj' aiJslI ii. jj^l ol 
US 

-43 : JjSfl ULjJI ^\ ol ^LU 
122 4 45 

432 :i.Ujl ;L.JiU| oljSli* 

328 :v3*-loljSlla3l 

4 1 16 : ii^l UjiiLl ol yliaJI 
247 4II8 



1 158-157 U36 c 94-93 :B-2«^*Li, 
603 (601 (598 (549 (166 

158-157 :B-23 5^li» 

iJLJl ii^l i^LJLJl B-25 5 yLU 
114 (113 

iJLJl iJ^I i^LJLJI B-26 5 yLU 
115 (114 (98 (94 

(328 (214 (206 (106 :B-47Sya» 
552-550 (540 (525-523 (336 

215-210 (206 (164 :B-52Syli» 

394 :C-17S^U» 

j^l ^'il--J SJLSL^I C-47B S ^LU 
408 :^.^Sfl 

439 : Consolidated NY-2 5 

284-283 : Curtiss P-40 Li* 

564 (330 (181 :DC-10syli» 

330 (160 (136 :DC-8syli. 

330 (160 :DC-9 5jSli» 

olS Douglas/Navy A2D-1 S^LJ» 
357 ^jyiJl iJ^I 

425 : 310 ERCO 5 yU» 

(332 : F-lOO Super Sabre 5j_sLJ» 
339-338 

(231 (225 (223 : F-IOOA Sj_SLJ» 
356 



468 

(117: oL5 ^1 SaJLai^ ol ^LkJl 
563 (411 (123 

452 (270 :S>ldl oljSlWl 

371 SjJLiiL iimi Ol jSUaJl 

42 ( 34 :S3jlUl 

576 I^JJL SiUii oiy^Liail 

80 : (RAF) ijSail ol ^Ua]| 

133 : cj^ijSjj cJljjjjB ol jSU? 

(148 (128 (123 : ;u*LiJl ol^LkJl 
(243 ( 237 ( 203-201 (179 
(366 (356 (342 (328 (325 
(495 ( 406 ( 387 ( 384 ( 369 
551 (503 

105 :iJjai JiJlol^lip 

159 : /^l oly^li* 

51 :^bi.|5JL:^y I 01^0231 

5JLiJl iJ^I i-JLLiJl A-20 S ^LU 
114 :^JLil 

aJUJI li^l i^LJLJl A-26 S ^LU 
315 (198 (114-113 :^JLil 

424 : Aeromarin-Klemm a 

173 : Arrow CF- 105 S^lip 

160 (158-156 :B-19 5yU? 



562 t 547 :X-29Asyli9 

t549 4 547 a 80 :XB-47S^LJ» 
560 

348 4 339 :XB-70 5^li» 
560 4 552-551 4 169 :YB-49 5^li» 
388 :YF-100 5^li» 
349-348 :YF-12A5jSli. 

274 :iJljJI 

40 : ifPl ysJl c^Jj ^xP^Vl s 

447 :F-111 iJjliJSjSUp 

116 :T^2Aij^^Sl5jSlla3l 

113 :A-26 jdliils^li* 

5JU2j)f I _ iJliSfl - <ijA^y\ 5 yUJi 
457 : jjs LiUL 

102 :V-22t^^jI 

608 : A380 aJU-l s 

425 : Gwinn Aircar 5 ^li* 

115 : 520 jJiU^j^I 5^li» 

436 :PA-31T^.L S^Sli^ 

574 :31A 

X- OL. i«^ljJI i*.*.^! 2 yU» 
521 :29A 



4394-393 4302 4184 :F-16S^LU 
600 4 559-558 

559 :F-16XLSjJli» 

604 :F-22 5jJli» 

356 4 331 :F4D-1 S^li» 

335-332 4 326 :F-86S^lip 

334 4 332 : F-86 Sabre 

: o^LkiS\ Cj^ oli F-89 S ^LU 
553 

North American/ NASA X- S^Li» 
350 : 15 

284 : North American P-408 5^U? 

274 : RAE fflRM S ^ 

: Republic P-47 Thunderbolt S jJLU 
315 

113-112 :SB2CS^li» 

46-45 : SE-5 S ^ Li. 

425 : Stearman-Hammond Y a j5li> 

424 : Stout Sky Car S J\l> 

,.. \ T-45A S^L_U 
92 

97 4 95 :TIFSSyli. 
365 : Tristar Sy*li» 
343 :ValkyreNaXB-70S^lip 
425 iWcickW-lASyU? 



409 t407 : ^^ji 5 yiWi 

390 : 727 aJliJi ^^^1 s 

461 ; j^sr^j 0 jJLi? 

401 :35 Ijilj^ / S ^0.31 

109 :F8Fol^jji5^li» 

142 :(BellP-39) J-iSjSli, 

202 ^jL. 5 jSiy I 

69 :SNJ^^j;sJl s^U* 

T-45A SJ-jJ-J-l l-^^julJI S^U* 
91 :ky^ 

373 J-J^l 

274 t272 : jiCjjiJi S 

112 : OL-iLj a 

t21 0-209 t99 : BAe j\ S ^Ub 
566 ^559 

465 I jjj ^ ^^^-^ 0 y ^ 

401 :oliPdL.jjt Jl^ttij:^ SjSiyi 

: F-16 ^j^JL^lU^ Jlj-Vr s ylJ» 
t393 *278 a77-176 UOO 
574 c561 

: F-16A ^^-.^LuoLLili Jl.^^ 2 j^LJ* 
574 t393 4 278 

37 : dOI jjjs- 0 S 

92 :B-2;ii»u]i v^is^iyi 



449 :(F-14) 

222 :X-3 ^"iU vi^ j*Jl 5 yO. 

273 : X-29A Oi>'j> 5 

: P-61 i-^j^jjJ jJLjj i]^, a ^LL» 
150 

114 

503 1 155 a 13 :737 ^^^l S^IL. 

525 U13 :757^.jJlsyli» 

607 : 400-747^.^1 S^lt 

611-610 a74 :777^.jJl S^lt 

t28 : B-47 c*-^ jLl-JI S yQ» 
529 U53 

77 :B-15^.^syli» 

i99 *77 *28 :B-47 ^^j-Jl S^JLU 
a74-172 a66 U60 a54 
4409 t407 4280 ^205-204 
4 538 4 530-528 4 526 4 523 
4607 4561 4551-550 4548 
611-610 

-204 4 160 4 154 : B-52 S 
205 

280 : F/A-18E/F a J\l> 
385 :KC-135A^.^S^li» 
550 4 538 4 172 : XB-47 5^ 



463 s 
390 :Tul34 v-Jjr^l S^^l 
281 :MBBX-31/Jjj iijjSyli* 
247 ijjJJU^^j Ji^jjSyli, 
160 : XF-12 dLL^^ s yLi» 
468 : (jirij^ t-^Li' a jSl^ 
548 1 106 : B-47 y\ jl^ S 

211-210 

-74 : SR-8E cJLJjj c) j.^;.?*^ S 
75 

t230 t203 : F4D 5 ylJ^ 

232 

406 a05 liijAt^lSL-S^li* 

1 105 : A4D-1 iJjjk i^LSL- 2 j_sLW 
406 

205 t203 : jjjjl J ISL- S jSll» 

164 I ^Ltf a jSU? 

461 I jij*^ S jSlit 

300 : Su-27 iSy-j^ 
461 : SU-27K syLi* 
468 ; Su-35 S ^Li* 

432-431 : 190 li-uj*- Syli* 
385 :T-37A L^S^li* 
415 : U-206 1;..,..^ S ^U* 



206 : t«---i Sy*Li» 

a35 a04 t74 :yX^j^lj^U^ 
-167 a57 a45-143 U38 
(313 ( 248 ( 229 ( 208 (168 
(408 (389-388 c 385-384 
533 t531 

326 :A3D^!>UjiSjSli» 

336 :D-558-ll ^^ji S 

(104 ( 74 :DC-2^>U^jdSj_SLU 
(168-167 (144-143 (138 
(385-384 (313 (229 (208 
533 (531 (408 (389-388 

(104 ( 74 :DC-3 y:U>ji s^LU 
(168-167 (144-143 (138 
(385-384 ( 313 (229 ( 208 
533 (531 (408 (389-388 

(104 ( 74 :DC-4E^!)UjaSj-SLJ* 
(168-167 (144-143 (138 
(385-384 (313 (229 (208 
533 (531 (408 (389-388 

248 :tiljtilSL-jj^^j3 2yli» 

388 (384 ^ 

65 : (DH-4) Jj^^LiU S ^It 

459 

(1011 JL-j-^jJ v^P' Sj_SLi 
164 : Lockheed) 
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262 :^^U3I SjSU. 
402 a06 :F-4^ji:U3l S^U, 

38 :(C)L-jli 

402 : C^UJt <^ S ^OaJl 

502 : jl> y 1 t^^l ^Uiil s yli, 

270 :A-7oy sylU 

4«-47 t45 5^11. 

48-47 :D-Vn ^jiS^U* 

159 :^[^ j;lj5ZJ\lf 

468-467 : S J\l^ 

: oL^I yJU SdL^I S-3 ^yLi s^^Li? 

92 

459 : iiijJ^\ jliai s J\l> 

t68 1 66-65 : (JN-2) ^jj^ S ^Li? 
U62-161 tl59 U40 ai2 
423 ^422 a67 

t68 t66-65 : P-40 5 ylJ» 
a62-161 a59 U40 a 12 
423 a67 

65 : (JN-4H) ^j^.^ jjS S jSll» 

a62-161 IjJLJLi^^j^syli* 
167 

-161 :C-46 jJultjS ^jjS IjSMf 
162 



427 : 1:..M.» 0 

t39 t36 t33 :i-^l^^ls^LkJI 
*412 ^398-397 ^140-139 
608 ( 532 (503 

405 : jli- 
93 :F6F-3 vJOaJl S^iyi 
609 :C-5A^VUsya» 

94 :B-26 0LJl*Syli» 

280 :EA-6B0L«j>V^ 
277-276 : F-14A S ^0* 

570 (566 :X-29Adl> J 

209 :jl^L>-OUj>s^ll» 
94 : ^jL^ ji- OLo « yli* 
173 : F9F a}jA\ OLoj^ S^LL. 

92 :oKLaOL«j> 
AA- 4^Lp Oliu^l /d^ J ji- S yLl» 
256 :1B 

AA- jjuLj ji-j^^i*«.iJLp /OL>o J ji> a 
146 :5 

374 '.jjJu jS j*/»L-l ji- S yli? 

376 j^LMjfiiJ\]» 

1 373-372 : jjJU ^ ^L- ^ o 
379 (377-376 

366 :T-45AiJyiy*s^lL» 



142 : jlLy- JUjS' y S 

610 : C-5A j^'yip JL^^^ syLi* 

369 t364 JL^^ 

167 : P-38J JL4^ 5 

: F/A-18A JU jdLi S yU» 

235 

( B-26 j^jjL^ u-^jL^ 5^L-U 
113 : Marauder) 

tl71 l^^'iLpji JjJjai3L.5^Li» 
^280-278 ^269-268 ^176 
561 ^487 t415 t368 

: C-17 JO J^V s yU* 
a97 a79-178 U76 U71 
t368 t 280-278 t 269-268 
t503 t487 t456 t415 t394 
561 ^557 ^527 t525 

: F-15 ^"^U^ JO J-J JO iiL^ ijJU^ 
-278 i269-268 ^176 tl71 
561 (487 (368 (280 

: F-15E JO J*jji iiL. 5 ^LU 
280 

: F/A-18A JO JJja iJL. 5 ^SU* 
-278 (269-268 (176 (171 
561 (487 (368 (280 

: jLjjL* ( jO JLI j JL^Li a jSi^ 

126 



112 : yuljULA ^j^jjS 0 yLi» 
611 (607 c95 :ojj^j^\iJ\^ 

343 : SST S 
95 :i«JyjiijSl ijjSij^ sylt 
188 :XSB2C-1 S jJU» 

35 

609 (574 :1011 jl^^ S^Up 

(598-597 : F- 117A JUf^jJ S ^0* 
603 

338 (226 (50 : F-104 JL^T^ 

604 ( 597 :F-22JL^y 

384 :F-80C JL^^jjSjSU* 

563 :L-1011 JL^^jiS^li* 

315 : P-38 Lightning JL^^ ^ 2 

: jLlu- ^j^j^ P-80 JLj^jJ s ^LU 
(167 (163 (142 ( 92 ( 50 
(338 ( 314-313 (222 (181 
(563 (502 (384 (369 (364 
(604-603 (598-597 (574 
610-609 

326 : PV-1 Ventura JL^^ S^li» 

(344-343 : SR-71A JL^jJ S ^LU 
502 

163 :\j:^\Ju^ji'iJ\l» 
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28 : B-49 «^ jyj y 

273 I F-5 t-j J yj ji 0 Ji^ 

t548 t519 :F-89 vjj-^Jj-5Sj-SLU 
553 

172 :X^-^5^jyjy IJC^ 

-551 ^548 :YB-49i^jy*j^5^a» 
552 

169 : ^ jD^U 0 yLi> 

198 : j:\kj\ 
285 iiJL-^ ^^S^Up 
126 : jIjjU Jjl-. JjA S ^Up 
106 :NC-130B ^ S 

: v^-l ^141 SJlj^ ^1 5 jSUail 

34 

109 :ol^JiLj5^li» 
284 : jjij t^j-v s jSlWl 
427 : IjjIjjJI 
570 : j>Sfl j,X>.i3l J > 
546 : JJUd( J i, w yJi j >3i 
505 '.ijjL^L ^il i5j^ 
516 4-J A*-iJl olil ^;>J^fl ajSj^ 
516 : 4k.jSfl 
553 : jjjU-I JJ^ «j> 



548 

: F-5L ^jj^ ^jti^^ • 
133 

102 4 99-92 : jl 5 ^lip 

(VISTA/ jl > jl 5 ^Lip 
99 :F-16D) 

^513 ^286 U52 : ;LJ^I S^LJaJl 
589 t515 

: LUSAC 1 1 iSL-^ UjUI s^^LkJl 
67 

35 I ^».AA.»^ a jSU? 

146 :P-51 ^ii*-^ sylL. 

461 ^274 : 25-^ISjSll» 

300 : 29 -^1 

453 :F-8L-LJlSjSli» 

548 : jL^ ^UliJl S ^lyi 

70 :DC-4E syii» 

103 : DC-3 j3 JiJi S ^li. 

Do 4-15J jjA /.n L M,*^^ J 2; II a 
419 :328 

95 :C-113B^^ jaJIS^U? 

t465 t99 : B-2 ^ jj-Jjj-! Sj_SLi 
600 ^ 597 t511 



36 : jyL5iJ*y I d\ jJJl 55 : JJL>ci3l 

1 174-172 : ^>UI Jv» ^Lj Ol^l 320 : ^l^i-l jiJuJi ^^^ju" 
t557 a82-181 a79-176 

506-504 y^\iAh^ 
c610 * 600 * 594 * 590 t559 ^ 

615 508 :,j,>SLL>a^4JL> 

492 : C)I>3I 508 ; j^ij ;UL> 

t374 t348 c326 : ^I>i3l 01^1 579 . j ^yj, ^^j^ 

611 . - - 

523 : ij^jMi- aJL ^ 
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